THERE WILL BE LOTS MORE 


Outside of the fact that we’re 
proud of it, we have only one legiti- 
mate reason for showing you this 
picture of our new factory ... 
.. . We want you to know we have 
moved into new and larger quarters 
... our own building, specifically 
designed to facilitate production 
of more of the transformers you 
have been clamoring for. 


We outgrew our old quarters. 


OF THESE FROM NOW ON 


Here there is plenty of room in 
which our employees can perform 
their tasks comfortably and under 
ideal conditions of lighting and 
ventilation. 


QUALITY .. . well, here at 
Sota it has always been main- 
tained at an exceptionally high 
standard ...so we'll just continue 
giving you more of the same. ... 
and lots more of it. 


Contant Vollage 


Anyway, here’s our modern new 
plant, located at 4633 West 16th 
Street, Chicago. Drop in and look 
us over when you’re in Chicago 
...and keep sending those orders 
for Sota Transformers. 


WRITE FOR BULLETIN 7CV-102 


An invaluable text book for 
design engineers and all man- 
ufacturers and users of elec 
trically energized equipment. 


TRANSFORMERS 


Transformers for: Constant Voltage * Cold Cathode Lighting * Airport Lighting ° Series Lighting * Fluorescent Lighting »* Luminous Tube Signs 
Oil Burner Ignition - X-Ray « Power * Controls ¢ Signal Systems * etc. « SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, lilinois 


Manufactured under license by: ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australia © ADVANCE COMPONENTS LTD., Walthamstow, E., England 


FERRANTI ELECTRIC LTD., Toronto, Canada e 


UCOA RADIO S.A., Buenos Aires, Argentina e 


M.C. B. & VERITABLE ALTER, Courbevoie (Seine), France 
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ASK THE DESIGNER! He knows that glass stands near 


the top of the list of dielectrics which offer greatest resistance 

_ to heat, corrosion, flame, oxidation, rot and other deteriorants. 

ZA GURBO: Fibrous Glass Woven of soft, flexible fibrous glass yarn, TURBO Glass 

Tubing in four grades— Tubing is inherently an excellent insulator. Combined with 

Single Saturated, 122000 1! URBO varnish impregnants in the manufacturing process, 

V; Double Dip, 2000 V; it becomes an ideal material for exceptionally difficult appli- 

Triple Strength, 3500 V; cations. Below are listed some of the other quality TURBO 
Magneto Grade, 7000 V. insulating materials extensively used in industry: 


Saturated Sleeving..... 


Plastic Insulated Wire . 


- Varnished Tubing...... 
Mica & Mica Products. . 


An all purpose insulation for any but the higher d:electric ranges. Varnish impregnated cotton 
yarns. Flexible, strong, resistant to acids and oils. Good moisture and flame resistance. Di- 
electric breakdown—1200 V., per ASTM test. 


Number 18 and finer stranded and solid conductor with a seamless extruded plastic insulation. 
Surpassing dielectric properties. Resistant to oils, organic solvents, acids, alkalies and oxida- 
tion. Minimum shrinkage and burning effects in soldering and potting. 


A superior braided cotton insulation featuring saturation impregnation of flexible varnishes. 
Strong, flexible, non-peeling, non-cracking, moisture, oil, acid and flame resistant. Dielectric 
breakdown ASTM test—Magneto grade—7000 V., Radio grade—4000 V. 


All forms—plate, block segments, films. Rigid control in all stages—grading selection, fabrica- 
tion and testing insures uniformity and quality in finished products. Meets all tests involving 
physical and electrical stability. Specific problem-collaboration is invited. 


WILLIAM BRAND & COMPANY 


276 FOURTH AVE., NEW YORK 10, N.Y.- 325 W.-HURON ST., CHICAGO 10, ILL 
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Ohmite rheostats are engineered to give long, trouble-free 
service and unmatched smoothness of action. Following are 
a few of the features that make possible their outstanding 
performance: 


© VITREOUS ENAMEL BOND—Core and base are bonded together 


by vitreous enamel into one integral unit. Each turn of wire is also 
permanently locked in place by vitreous enamel. 


@ METAL GRAPHITE BRUSH—Perfect contact with negligible wear 


on the wire is insured by the metal-graphite contact brush (varied 
to fit the current and resistance) and the large, flat contact surface. 


© LARGE PIGTAIL SHUNT—Current is carried directly to the slip- 


ring by a pigtail shunt of ample size, assuring an uninterrupted 
connection at all times. Large slip-ring minimizes mechanical wear. 


e INSULATED SHAFT AND BUSHING—Hich strength ceramic hub 


insulates the shaft and bushing from all live parts. Underwriters’ 
Laboratories listed models are available. 


@ UNIFORM CONTACT PRESSURE—Tempered steel contact arm 


forms a long steel spring which assures uniform contact pressure. Uni- 
versal joint action of the brush maintains “flush-floating” contact. 


© ALL CERAMIC AND METAL CONSTRUCTION —Ohmite rheo- 


stats have a ceramic core, base, and driving hub. There is only 
ceramic and metal in their construction—nothing to char, burn, 
shrink, or deteriorate. They are designed for long, trouble-free life. 


OHMITE MANUFACTURING COM PANY 
4810 Flournoy Street, Chicago 44, Illinois 


Write on company letter- 
head for Catalog and En- 
gineering Manual No. 40. 
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Conventional 
Design 


ACTUAL SIZE 1 MF, 200 WVDC 


oa trend to ultra-compact electronic 
designs strides forward with this remarkable, 
new Solar development in truly tiny paper 
capacitors. 


SOLITE* Capacitors, utilizing a unique, revo- 
Jutionary self-healing metallized paper construc- 
tion, occupy approximately one-third to one- 
fourth the volume of equivalent conventional 
multi-paper capacitors. There is a similar saving 
m weight. 


A comparison of typical ratings in tubular. 


types tells its own story: 


Dimensions in Inches 


Capacitance WVDC 


} Based on aluminum foil construction. Lead foil capacitors will be still heavier. 


* Trade Mark 


os 


GENERAL ELECTRIC REVIEW 


SOLITE* Capacitors are available in both non- 
metallic and metallic housings in standard d-c 
voltage ratings up to 400 volts. SOLITE* Capac- 
itors are also supplied for alternating current 
applications. 


Pilot quantities of SOLITE* Capacitors may 
be had immediately. Solar is prepared to discuss 
delivery schedules of production quantities for 
your use in those specific applications where 
you can take best advantage of this important 
new advance in the capacitor art. 


Full details of SOLITE* Capacitors may be 
obtained on letterhead request from: Solar 


Manufacturing Corporation, 285 Madison 
Avenue, New York 17, N. Y. 


*‘WHEN SPACE IS TIGHT, 7 
USE SOLITE”’ 


Solite Capacitors are fully protected by U. S. letters patent and patents pending. 


SOLAR CAPACITORS 


“Quality Above All” — 
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ELECTRON LIGHT 


Newest accomplishment of the 70,000,000-volt 
synchrotron described on page 16 is to make an 
electron beam visible. Previously electrons have 
been visible only indirectly, as by the fluorescence 
produced in a phosphor, or by the ionization of 
gases through which they pass. In such cases, 
the visible light comes from the phosphor or the 
gas and not from the electrons themselves. How- 
ever, it was suspected that some of the radiation 
produced from a circular beam of high-energy 
electrons (see page 16) would be in the region of 


visible light. This has been observed in the G.E. 


Research Laboratory’s new synchrotron, and the 
effect is shown in this COVER photograph of the 
doughnut, made while the machine is operating. 
The brightest spot is from light beamed forward 
from the electrons in a narrow cone tangent to 
the orbit. The wall of the tube produces reflec- 
tions and other images. 
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vour Noise Problems, tos 
can he Solved Better 
vith O-D Quietones 


. Just because Mom wants to bake a cake that the exact unit for solving your 

| is no reason why she shouldn’t hear her _— noise problem is not included. In that 
pet soap opera. And sooner or later case, our engineers are ready and 
she’s bound to find out that some anxious to design and build the sup- 
mixers don’t cause radio interference. pressor best suited to your specific 
Mixers equipped with C-D Capacitors, requirements—better, faster, more eco- 
for example. nomically. Consult with them. 


ich brush ul gives the 
Right Polishing Action? 


C-D’s experience in designing and Catalog of standard types will be 
building noise suppressors is unequalled mailed on request. Cornell-Dubilier 
in the capacitor industry. We are now Electric Corporation, Dept. L6, South 
manufacturing hundreds of types of Plainfield, New Jersey. Other large 
noise filters for electrical appliances plants in New Bedford, Brookline and 
and equipment. It’s possible, of course, | Worcester, Mass., and Providence, R, I. 


MICA DYKANOL .« PAPER e ELECTROLYTIC 


A brush with the right polishing action keeps the 


commutator clean and without undue commutator wear. A brush 


with the right polishing action means top efficiency and 


MORE ANSWERS 


in this book. Get it! long life for your commutating machines! 


Selecting the brush with the right degree of polishing 


This catalog, SPEER CARBON PROD- 
UCTS, gives detailed information on 


piles yy action for your particular requirements—selecting the one 
brush characteristics, includes Speer 


Brush Data Sheets. It answers your 
questions on brush selection, helps 
you find the right brush for your 
motors or generators! 


brush with the right combination of al] the vital characteristics 


for your specific operating conditions is a specialty at 


SPEER! That’s why Speer Brushes bring increased 


efficiency wherever they are installed! 


‘ST. MARYS, PENNA. 


@ 2528 


ame yWha brushes contacts - weiding electrodes- graphite anodes: rheostat discs + packing rings- carbon parts 
CHICAGO> CLEVELAND> DETROIT* MILWAUKEE* NEW YORK> PITTSBURGH 
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CAPACITORS #1 AND 2 


Two of the Type MC Filfer Capacitors designed for heavy 
duty service on buses, trucks, etc. for spark and noise sup- 
pression, Mechanically rugged, oil filled and impregnated and 
hermetically sealed. 


CAPACITOR #3 


A general purpose filter effectively controls radio noise energy 
created by fluorescent lamps. This capacitive — inductive type 
filter is compact and can be quickly installed in a variety of 
positions. Convenient leads simplify installation, 
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SOLVE YOUR 
SEQUENCE 


WITH THE ALL-PURPOSE 


SB-I SWITCH 


over 10,000 low-voltage circuit-sequence combinations. 
A few of the many applications include control switch- 
ing of machine tools, solenoids, motors, circuit breakers, 
and electronic apparatus; and the transfer switching of 
meters and instruments, 

There’s a standard SB-1 for most jobs. Even for off- 
standard applications you still benefit from standard- 
ization. “Custom-made” SB-1’s can be built by using 
standard parts to control practically any sequence of 
operations. | 

It’s easy to select and order the SB-1 to fit your partic- 
ular application. ... 


WRITE YOUR OWN TICKET... 


HANDLES A variety of attractive switch handles in 
fixed pistol grip, oval, radial, round, and knobbed 
styles as well as removable handles and key locks are 
available. Choose the handle you desire and specify the 
engraving on the escutcheon plate. 


HOUSINGS SB-1 switches are available with water- 
tight, dust-tight, oil-immersed, fabricated-metal, or 
explosion-proof housings. Select the one that fits your 
installation problem. 


CONTACTS Determine the contact sequence from 
your circuit and check them off on the contact diagram. 
(See example at right.) 

Your G-E sales representative will be glad to assist 
you in the selection of anSB-1 switch to solve your partic- 
ular circuit-sequence problem. Also, ask him for a copy 
of GEA-4746 which gives additional information about 
the all-purpose SB-1, or write to Apparatus Department, 
General Electric Company, Schenectady 5, N. Y. 
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Already design engineers have utilized the SB-1 for 


CROUWT— 


Approximately 
one-half actual 
size. 


Here's the circuit—Control of the air-conditioning equipment for 
railway cars. Contacts of the SB-1 are shown within the colored 
square. 


inet tier B 


Hundie end 


This contact diagram provided an easy way to specify the exact 
circulf-sequence combination needed for the above application. 


° 
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Here one of the completed switches—neat, compact, matched to 
the job. 
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For Tee or Parallel Taps! 


Sta O. 2. rirtinc DOES THE WORK OF [EYE 


One typical XTP connector replaces up to 32 different 
parallel or tee connectors because each XTP accommodates a 
wide range of wire sizes. All told, the XTP line of but 
25 connectors will receive over 400 wire-size combinations! 

For either tee or parallel taps, just snap special hinged 
clamp over main and tighten—the connector is permanently 
in place, positive contact assured. When you’re ready to con- 
nect the tap, simply insert wire in tap end of connector. A 
wrench-turn or two and the job’s done! 


25 CONNECTOR SIZES do practically all tap jobs. 
® Accommodate over 400 combinations of wire sizes 


® Fit wire from #8 to 1,000,000 CM 
HINGED CONSTRUCTION fer quick installation. 


SPRING STEEL LOCKWASHERS (tin plated) maintain pressure. 
@ Hold resiliency—assure permanent connection 


PRESSURE PLATES designed for maximum contact and grip. 
@ Serrated for firm grip 
e Can not rotate during installation 


HIGH STRENGTH, HIGH CONDUCTIVITY. 
e High conductivity copper alloy for body 
e Extra strength copper alloy for pressure plates and 
hinged parts 


Get these new combination fittings from your whole- 
saler now ... and put an end to bulky assortments 


of fap connectors. 


CONDUIT FITTINGS ° CABLE TERMINATORS 
CAST IRON BOXES ¢ SOLDERLESS CONNECTORS 
GROUNDING DEVICES ° POWER CONNECTORS 
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needed on this job! 


OPEN connector size is 


plenty with this 
new XTP! 


XTP asa “T”’ tap 


XTP as a parallel tap 


They’re 0. K. if They’re 0. Z. 
@ 861 


i ty COMPANY 


BROOKLYN 2UN. Y. 
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| ATOMIC ARTILLERY > 


an es ats | Principles and mechanisms of electron and 
ion accelerators which transmute particles 
and are powerful instruments of research 


By JAMES STOKLEY 


Research Laboratory 
; General Electric Company ©Fabian-Bachrach ‘ 


FTER Madame Curie and her husband dis- man could do about it, either to stop it or to accel- 
covered radium in 1898 and further researches — erate it. 


ye had demonstrated it to be one of a series of When these changes take place, there may be given 
elements from uranium to lead, which spontaneously off alpha particles, which are nuclei of helium atoms; 
change from one to another, it became evident that the eta rays, actually electrons; or gamma rays, like very 


medieval alchemists had not been so wrong after all. short and high-energy x-rays. The alpha particle was 
Elements could change, giving out large quantities of 


: : . This article is so paged that, without mutilating other articles, it can be 
energy in the Process, but still there was little that conveniently removed for separate filing by tearing out pages 9 to 19.—EpD. 
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PARTICLES, ETC 


PROTONS, DEUTERONS, ALPHA 
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PARTIGEES > "ETC EEECT ROL 


A.C. (PRINCIPALLY 
FOR GUIDING FIELD) 


TO BRING MAGNET TO 
RESONANCE AT PROPER FREQ. 


A.C (CHANGE IN CENTRAL FLUX 
ACCELERATES ELECTRONS ) 


D.C (CAUSES IONS TO 
MOVE IN CIRCULAR PATHS ) 


DC (CAUSES IONS TO 
MOVE IN CIRCULAR PATHS). 


ELECTRIC-FURNACE BRAZING FOR QUALITY AND QUANTITY PRODUCTION 


High quality of product and low manufacturing cost do not naturally go hand in hand. However, 
they must be made inseparable companions if the product is to be favorably received. The 
| means of bringing about that close association in manufacturing insecticide dispensers is | 
| pictured above, and the various features of procedure are described in the article on page 25. 


TO BRING MAGNET TO 
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LARGE TANK AND DEE STEMS TANK (NO DEE STEMS 


VACUUM SYSTEM EVACUATED TO BE EVACUATED) 
SOURCE ARG ARC 
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ELECTRODES HIGH POTENTIAL LOW POTENTIAL 
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discovered in 1904 by Sir Ernest Rutherford, then at 
McGill University. With its aid the same scientist, by 
that time at the Cavendish Laboratory of Cambridge 
University, produced the first artificial transmutation 
in 1919. His apparatus, as shown in Fig. 1, was very 
simple—a box with a thin silver window at one end. 
It contained nitrogen and a small amount of radium. 
Outside the window there was a screen of zinc sulfide 
arranged to glow when struck by an alpha particle. 
This was viewed with a microscope. 

Although the radium in the box was constantly 
emitting alpha particles, the thickness of the silver was 
too great to let them pass and the screen should not 
have glowed. Nevertheless occasional spots of light did 
appear, clearly demonstrating that particles of higher 
energies than those given off by radium were being pro- 
duced. Sir Ernest was able to show that these were 
protons, or nuclei of hydrogen atoms; but because 
there had been no hydrogen placed in the chamber, 
this element must have been produced by transmuta- 
tion of some of the nitrogen atoms. 


Atomic Structure 


An atom consists of a massive nucleus around which 
“move in one or more shells a number of electrons, 
which are charges of negative electricity. Their number 
varies from one for hydrogen to 96 for curium, heaviest 
now known. Formerly the electrons were thought to 
move in precise orbits much like those of the planets 
around the sun. Physicists no longer hold such a simple 
concept; and the orbits have become hazy regions 
where an electron has a certain probability of being. 
However, important though the orbital electrons are in 
ordinary chemistry, the newest researches pay little 
attention to them but are concentrated on the nucleus. 
That is why we speak of nuclear science and why we 
should talk about nuclear, rather than atomic, energy. 
In the nucleus there are at least two kinds of par- 
ticles. One is the proton, positively charged and some 
1840 times as massive as the electron. The other is the 
neutron, of similar mass but without electrical charge. 
It is the number of protons that determines what an 
element is; and this figure is called the atomic number. 
The nucleus of hydrogen contains a single proton; that 
of oxygen has 8; that of magnesium, 12; iron, 26; gold, 
79; uranium, 92; plutonium, 94; and that of curium, 96. 
Thus a magnesium nucleus, for example, always has 
12 protons; and, conversely, any nucleus with 12 
protons must be magnesium. Transmutation, then, 
involves changing the number of protons in a nucleus. 
Now we can see what happened in Rutherford’s 
chamber. Nitrogen has 7 protons, while the alpha par- 
ticle (or helium nucleus) contains two. Occasionally an 
alpha particle from the radium would happen to hit a 
nitrogen nucleus, and one of the alpha particle’s protons 
would be captured. The proton left over was thus a hy- 
drogen nucleus; and this was emitted with enough energy 
to penetrate ae silver window and strike the screen. 
However, with the nitrogen nucleus that was hit having 
gained a proton (as well as two neutrons), it was no 


10 GENERAL ELECTRIC REVIEW 


longer nitrogen, but oxygen, the element with 8 protons. 
Two transmutations had really taken place: helium had 
been changed to hydrogen and nitrogen to oxygen. 

However, the oxygen produced was not the ordinary 
kind that makes up part of the air, but a slightly 
heavier sort, present to the extent of about 0.04 per 
cent in the atmosphere. Common oxygen weighs 16 
mass units, while the kind produced by transmutation 
has a mass of 17 units. Since both, being oxygen, con- 
tain 8 protons, the difference is in the number of 
neutrons in the nucleus, 8 in oxygen 16, and 9 in oxygen 
17. This is an example of isotopes, which make it 
possible for the same element to exist with different 
masses. Conversely, there are isobares (though they 
are not so common) in cases where different elements 
have the same mass. In these instances the numbers 
of protons in the nuclei are different, but the sums of 
neutrons and protons (which determine the nuclear 
mass) are the same. 


FLUORESCENT. 
SCREEN 


VIEWING 
q MICROSCOPE 
mt 


ABSORPTION 
SCREEN 


»He 7+ N oe Ol +H! 


Fig. 1. Rutherford’s 1919 experiment. Alpha particles (helium nuclei) 
are emitted from the radium and occasionally one strikes an atom of 
nitrogen in the air present. A proton (hydrogen nucleus) is ejected and 
produces a scintillation on the fluorescent screen, while the other proton 
in the alpha particle has joined the nitrogen nucleus, transmuting it to 
oxygen. The equation underneath the sketch summarizes this process, the, 
subscripts indicating the number of protons (or positive charges) in each 
nucleus and the superscripts their masses 


The forces that hold the nucleus together are still a 
matter for speculation. Since like charges repel each 
other and this repulsion (like the attraction of oppo- 
sitely charged particles) varies as the square of the 
distance, it would seem that in the intimate confines 
of the nucleus these forces would be so great that the 
protons could not possibly hold together. However, it 
seems that they do and so physicists have had to 
postulate some sort of attraction between all particles 
of matter, regardless of their charge, an attraction that 
varies perhaps as the fourth or fifth power of the 
distance. In our macroscopic world this attraction is 
so weak as to be inappreciable; but in the nucleus it 
far exceeds the electrical repulsion. 

To overcome these attractive forces, high energy is 
needed, and therein lies the requirement for high- 
powered artillery to hurl atom-smashing bullets into 
the nuclei of atoms. The projectiles are of several kinds. 
They may be alpha particles, such as Rutherford used, 
or individual protons. Or they may be deuterons— 
nuclei of heavy hydrogen—with a proton and neutron 
combined. They may be photons, pulses’of very short 
radiation, like the gamma rays of radium. They might 
be electrons, though these have not yet been exploited 
for atom-smashing to any great degree. 
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Atomic Bullets 

Streams of electrons were first produced, within a 
vacuum tube, by Sir William Crookes about 1870; and 
they were called cathode rays because they originated 
near the cathode of the tube. In experiments -with 
similar tubes, in 1886, E. Goldstein, in Germany, found 
that if a hole, or ‘“‘canal,’’ were bored in the cathode, 


rays could be observed going the other way, from the — 


direction of the anode. These he called ‘‘canal rays.’’ 
Later it was shown that electrons were knocked from 
the few remaining gas atoms in the tube, to form the 
cathode rays. The gas ions remaining after the electron 
had been lost; having a positive charge, travelled in 
the opposite direction. Of course, if the residual gas in 
the tube was hydrogen, the ions were simply protons 
and so Goldstein can perhaps be credited with the first 
production of a proton beam. 

It was in 1895 that Wilhelm K. Roentgen discovered 
x-rays, which was another significant step. Some years 
later it was shown that these then mysterious radia- 
tions are really very short electromagnetic waves, or 
‘“‘photons,’’ as we now call them. Some result when 
electrons. which were plentiful in the Crookes tube with 
which Roentgen was experimenting, strike an atom. 
Orbital electrons in that atom are displaced to a posi- 
tion farther from the nucleus, and when they return, 
energy is radiated. Production of light, as well as of 
infrared and ultraviolet radiation, follows a similar 
process. X-ray photons are produced also by another 
process in which high-speed electrons are slowed as 
they pass close to a nucleus, their kinetic energy being 
thus partly transformed to radiation. 

To achieve x-rays of higher and higher energy, which 
means that they should be of shorter ‘and shorter wave- 
length and incidentally more and more penetrating, 
ever-increasing voltages were used to hurl the electron 
stream at the target where the rays were produced. 
But finally a wall appeared beyond which it seemed 
impossible to pass. Here, at a few hundred thousand 
volts, “‘field currents’? appeared in the tube and set 
a limit. 

This problem was solved by Dr. W. D. Coolidge in 
the General Electric Research Laboratory. He had 
already invented the type of x-ray tube which bears 
his name, in which the electrons are emitted not from 
a cold metal cathode, but from a heated filament. Thus 
came into being the ‘“‘electron gun,’ which is at the 
heart of many modern electronic devices, such as tele- 
vision tubes, and which also plays a vital part in 
modern atom smashers. 

To pass the limitations in voltage, Dr. Coolidge re- 
sorted to cascading, in which high energies are applied 


in a number of stages (Fig. 2). At each stage the 


voltage is low enough to avoid the field currents and 
other difficulties, but the effect is additive, and so after 
passing through the several stages the electrons have 
the same energy as if the total number of volts 
had been applied at once. Dr. Coolidge used this 
method in about 1928. The same general idea of acceler- 
ating in separate stages can be used for protons as well 
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96% 


as electrons; and devices for doing this are known as 
‘linear acenleratere” | 

Although Rutherford in his 1919 experiment was 
first to achieve transmutation as a result of human 
efforts, in one sense it was not done artificially, since 
he used as his bullets the alpha particles naturally 
emitted from radium. However, in 1932, his Cavendish 
Laboratory at Cambridge University was the scene of 
the. first transmutation with artificially produced par- 
ticles. Using a number of vacuum-tube rectifiers, their 
output connected in series, John D.: Cockroft and 
Ernest T. 5. Walton obtained potentials as high as 
700,000 volts and used them in an accelerating tube 
to bombard various elements with protons. The ma- 
terial being bombarded was placed in the tube at an 
angle of 45 deg to the direction of the beam. Alongside 
the specimen was a thin mica window, through which 
new particles produced might penetrate and cause 
scintillations on a screen. 

First element to be studied was lithium; and, when 
protons accelerated with a voltage of 125,000 hit it, a 
few scintillations were observed. Their numbers in- 
creased rapidly as the voltage was raised. These were 
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Fig. 2. Diagram of the 2,000,000-volt x-ray apparatus. In the x-ray tube 
itself, down the center, electrons are speeded in stages, until they 
reach maximum energy 

(1). Steel tank (13). Glass tie rod 


(2). Cooler (14). Secondary coils 
(3). End turn filament coil (15). Primary winding 
(4). Laminated shield (16). Insulating filament-control shaft 
(5). Variable reactor (17). Laminated steel bottom 
' (6). Spring for tie rod (18). Filament control motor 
(7). Slotted brass shield (19). Focusing coil 
(8). Cathode assembly (20). Lead shield 
(9). First intermediate electrode (21). Water jacket 
' (10). Glass envelope 22), Extension chamber 
(11). Shields around x-ray tube (23). Tungsten target 
(12). Tap lead (24). Lead diaphragm 
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Fig. 3, In the Sloan-Lawrence linear accelerator, particles were speeded 
as they passed through a series of tubes in an evacuated envelope. Alter- 
nate tubes were connected to opposite poles of an oscillating circuit, so 

_ each time a particle reached a gap between them it was pulled across, with 
added energy. (From The ‘“‘Particles’’ of Modern Physics, by J. D. 
Stranathan, by courtesy of the Blakiston Co.) 


Fig. 4. Positively charged particles are accelerated in the cyclotron as 
they pass from one ‘‘dee’’ to the other, a magnetic field keeping them in 
circular arcs, with the result that they spiral outwards as their energy 
increases. (From Matter, Energy, and Radiation, by J. R. Dunning and 
H. C. Paxton; courtesy of McGraw-Hill Book Co.) 
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due to alpha particles (helium nuclei) formed from 
lithium. It was soon demonstrated that the addition 
of a proton (of unit mass) to a lithium nucleus (mass 7) 
produces a nucleus of mass 8 which immediately breaks 
up into two helium nuclei of mass 4 each. Thus Cock- 
roft and Walton had transmuted lithium to helium, 
with strictly artificial means. 

Because of the fact that still higher voltages were 
required for many nuclear studies, coupled with the 
practical difficulties of obtaining voltages in the millions 
and of applying them even if they were attained, physi- 
cists in the early thirties turned to means by which 
high energies could be obtained without high voltages. 
One of the first devices of this kind was described in 
1931 by David H. Sloan and Ernest O. Lawrence, of 
the University of California. 


The Linear Accelerator 

The Sloan-Lawrence “‘linear accelerator’? consisted 
of an evacuated envelope with a series of cylindrical 
electrodes along the axis, as shown in Fig. 3. In an 
auxiliary tube protons, or other positive ions, could be 
produced by bombarding gas with electrons, and then 
the ions were started down the line. Alternate cylinders 
were connected to the opposite sides of the output of a 


high-frequency oscillating circuit (essentially a short- - 


wave radio transmitter). When the first cylinder was 
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negatively charged, the ion (positively charged) would 
be attracted to it, and would travel along its axis. By 
the time it came to the space between the first and 
second electrode, the electrical oscillation would have 
changed the polarities of the cylinders. Thus the one 
that it was leaving, now with a positive charge, would 
repel the ion, and the next, now negative, would 
attract it. By the time it reached the gap between the 
second and third electrodes, the charges would again 
be reversed and the ion would receive an additional 
kick. To take care of the increasing speed of the ion 
it was necessary, of course, to make each cylinder a 
little longer than the one before. 

The total energy given the particle in such an acceler- 
ator depends on the length of the system. However, it 
occurred to Dr. Lawrence that this could be avoided by, 
in effect, twisting the accelerator around in a spiral, 
making the ions travel successively around between the 
same pair of electrodes. This was the cyclotron, which 


brought him the Nobel prize for physics in 1940. 


The Cyclotron : ) 

In the original cyclotron there were two electrodes, 
called ‘‘dees’’ from their shape. These had the form 
of a. flat cylindrical box cut in half radially and sepa- 
rated a little, as indicated in Fig. 4. Contained in an 
evacuated chamber, they were placed between the poles 
of a powerful electromagnet operating on direct current. 
As in the linear accelerator, the electrodes were con- 
nected to a high-frequency oscillator. Ions originated 
at the center of the space between the dees, where an 
electron beam hit atoms of the small amount of gas 
remaining within the chamber. | | 

As an ion formed, it would be attracted to one of 
the dees—the one that happened to have a negative 
charge. Because of the magnetic field, the ion would be 
constrained to move in a circle, then it would soon be 
brought to the gap between the dees. By this time the 
electrical oscillations would have produced a change in 
polarity, the other dee would not be negative, so the 
ion would be pulled across. Again the action of the 
magnetic field would make it move in the arc of a 
circle, a little larger than before because it had more 
energy, and again it would return to the open space. 
With the polarity changed once more, it would again 
be pulled across to the opposite dee. 

Thus the process would be repeated many times. 
With each crossing of the gap the ion would gain more 
energy and its path would enlarge, the increased length 
of the path compensating for the higher speed, so that 
it would always take the same time to make one com- 
plete revolution. (This is true until we reach energies 
of a hundred million volts or more, when another effect, 
to be considered later, becomes important.) Reaching 
the outer part of the dees, the ions strike a deflecting 
plate and are brought outside, where they can be 
used to bombard materials. 

The cyclotron is used to fire several types of bullets. 
Their nature depends upon the residual gas left within 
the chamber. With ordinary hydrogen, simple protons 
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result; but when heavy hydrogen is used, deuterons are 
formed and fired. With a proton and a neutron in 
combination, the mass is twice that of a proton, giving 
the particles greater striking power, while the fact that 
they have the same electrical charge as a proton means 
that they are no more repelled by electrical forces than 
the lighter particles. 

To obtain alpha particles, helium is introduced into 
the chamber. A supply of neutrons can be obtained by 
bombarding beryllium with alpha particles. (The beryl- 
lium is transmuted to carbon and a neutron is given off.) 
Because of its lack of charge, the neutron is unaffected 
by the electrostatic forces around a nucleus and is the 
most effective of allin producing atomic disintegrations. 

One of the consequences of the theory of relativity 
is that a particle becomes more massive as its speed 
increases. When it reaches an appreciable fraction of 
the velocity of light, beyond which it cannot go, further 
increase in energy does not result entirely in increased 
velocity. Part of it is utilized in an increase in mass, 
in accordance with Einstein’s well-known formula for 
the equivalence of mass and energy. At 200 million 
electron volts (it is customary to give these energies in 
terms of the electron-volt, which is the energy that an 
electron acquires in passing through a potential differ- 
ence of one volt), a proton has 48 per cent of the speed 
of light and its mass has increased about 10 per cent 
over what it has at rest. Even a change in mass of a 
fraction of a percent affects the resonance conditions 
needed to bring the particle back to the space between 
the dees at the right instant in the electrical oscillations 
(it tends to lag behind). 


The Synchro-cyclotron | 

The new 184-inch cyclotron was completed at the 
University of California’s Radiation Laboratory in 
1946. Already this machine, which is pictured in Fig. 5, 
has produced particles with energies of 200,000,000. 
electron volts, with only 15,000 volts at the dee. 
Originally it had been estimated that 2,000,000 volts 
would be required. Another novel feature of this huge 


Fig. 5. This new 184-in. cyclotron in the Radiation Laboratory of the 
University of California has accelerated particles to energies of hundreds of 
millions of electron volts 
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Fig. 6. Diagram showing the path of the particles in the new frequency- 
modulated cyclotron at the University of California. As the speed of the 
particles reaches a considerable fraction of that of light, their mass increases 
and they lag behind,’so the alternating voltage applied to the dee is 
reduced in frequency to compensate. (Courtesy of Chemical and Engi- 
neering News.) 


Fig. 7. In the synchro-cyclotron, as well as the synchrotron, the principle 
of phase stability keeps the particles in step with the alternating voltage. 
The voltage varies according to the time at which particles arrive at the 
edge of the dee 
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cyclotron, as illustrated in Fig. 6, is that it has only 
one dee in the vacuum tank, which is kept at ground 
potential. The oscillator is connected to the single dee, 
and depending upon whether it is positive or negative 
the protons are drawn into it or ejected from it. As in 
smaller cyclotrons, the magnetic field keeps them in 
their circular paths. 


With the original technique, ions were introduced, 
speeded and ejected in a continuous stream, but in 
the new device known as the “‘synchro-cyclotron’”’ or 
“frequency-modulated cyclotron,” they come in pulses, 
at 1000 per second. When the ions start, the oscillator 
is operating at 11.4 megacycles; that is, the polarity 
changes 11,400,000 times per second. In the circuit 
there is a motor-driven rotary condenser; and, as the 
particles begin to lag behind, by reason of their in- 
creased mass, the frequency of the oscillations is 
smoothly reduced to 10 megacycles. Thus, they still 
reach the edge of the dee at the proper instant. 


Because of the principle of ‘‘phase stability,”’ dis- 
covered by Dr. Lawrence’s colleague, Dr. EH. M. 
MacMillan, it is not particularly difficult to synchronize 
the motion of the ions with the changes in frequency. 
They tend, indeed, to keep in step with the oscillations. 
This is illustrated in Fig. 7. The curve represents the 
variation in voltage at the edge of the dee. Normally 
a particle would reach this position a little past the 
peak of the oscillation, at tp. After a complete circuit 
it would come back again at ¢,;, receiving an additional 
increment of energy of the same amount. 

However, if for any reason it loses energy, or fails 
to get enough, it will move in a smaller orbit, returning 
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to the edge sooner, at 7, thus getting more than 
its normal quota of energy. This then brings it back 
the next time at ¢. On the other hand, if it should in 
some way get too much energy, the orbit will be larger; 
it will come back late, at ts, receive less of an impulse, 
and so will tend to come back into step. Actually, of 
course, the paths of the particles oscillate back and 
forth around a mean path. Also, each time around, they 
receive two additions of energy, once, a push as they 
leave the dee, and, second, a pull as they return to it. 

Whether frequency-modulated or not, the cyclotron 
is used to accelerate positively charged particles. How- 
ever, physicists have also sought to accelerate electrons, 


either to use the electrons themselves or for the pro-_ 


duction of high-energy photons, or x-rays. 


The Betatron 

Even with the cascaded typeof x-ray equipment, about 
5,000,000 electron volts has appeared to be the practical 
limit. When the cyclotron was successfully applied to 
positive ions, several scientists suggested comparable 
means for accelerating electrons. Although the simple 
cyclotron principle is not adapted to electrons, these 
workers thought of using the changing field of a magnet 
as it becomes saturated to whirl them around. 


Fig. 8. Dr. Donald W. Kerst, of the University of Illinois, with his orig- 
inal 2,300,000-volt betatron. By means of this device, electrons were acceler- 
ated to almost the speed of light 


A German physicist, Max Steenbeck, of the Siemens- 
Schuckert Works, described such a device in a German 
patent, issued in March, 1936, and an American patent, 
granted December, 1937. In his first technical paper, 
published in 1948, he stated that he had actually con- 
structed.such a device in 1935 and 1936, obtaining 
electrons accelerated to 1,800,000 volts, although the 
intensity of the beam was feeble. ) 

One with really satisfactory output was built by Dr. 
Donald W. Kerst, of the University of Illinois, who calls 
his device the ‘‘betatron.”’ The ‘‘tron’’ part of the name, 
from the Greek, means an agency for performing a cer- 
tain task; the betatron is an apparatus for generating 
beta rays, or high-velocity electrons. His betatron, as 
shown in Fig. 8, was small enough to rest on a desk. 
When completed it produced radiations of 2,300,000 
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Fig. 9. The 100,000,000-volt betatron in the General Electric Research 
Laboratory. Dr. W. F. Westendorp and Dr. E. E. Charlton, who had charge 
of its construction, are examining the cloud chamber used for nuclear studies 
made with the aid of the big machine 


electron-volt energies. In 1940 Dr. Kerst joined the staff 
of the General Electric Research Laboratory, where a 
larger machine, with 20,000,000 electron volts output 
and weighing 314 tons, was constructed. When Dr. Kerst 
returned to the University of Illinois in 1942, he took this 
machine with him, as a loan from the General Electric 
Company. During World War II, a number of similar 
betatrons were built by the Allis-Chalmers Company 
for use on war problems. 

In the same period, at the G.E. Research Laboratory, 
under the direction of Dr. Ernest E. Charlton, head of 
its X-ray Section, and his colleague, Dr. W. F. Westen- 
dorp, the 100,000,000-volt betatron pictured in Fig. 9 


was constructed. Weighing 135 tons, it was erected in a 


special building with three-foot concrete walls to protect 
people outside from the radiations. This was oper- 
ated successfully at full power on August 21, 1943, 
a fact which was immediately announced in the daily 
press. However, government secrecy orders prevented 
further publicity and the release of technical details, 
until September, 1945. 

A beam from the 100,000,000-volt betatron is shown 
in Fig. 10. The control panels are shown in Fig. 11. 


Fig. 10. The 100,000,000-volt x-ray beam from the large betatron in the 
G.E. Research Laboratory, made visible as it passed along a fluoro- 
scopic screen. (Photograph by Popular Science Monthly) 
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Fig. 11. Controls of the 100,000,000-volt betatron in the G.E. Research 
Laboratory. The lower of the group of three meters on the panel at the left 
measures in units of the ‘“‘megavolt’’ (1,000,000 volts) and reads up to 100. 
(Photograph by Popular Science Monthly) ; 


The forces which operate in the betatron are exactly 
the same as those of a transformer. In this familiar 
device the incoming current flows through a coil of 
wire, the primary, and by induction a current is caused 
to flow through another coil, the secondary. This cur- 
rent consists of a flow of electrons from one copper 
atom to the next. In the betatron, the secondary is not 


a coil of wire, but a doughnut-shaped vacuum tube. 


Electrons start from the familiar hot filament in an 
electron gun, injected at the beginning of the a-c cycle, 
as shown in Fig. 12. 

During the first quarter-cycle, as the voltage builds 
up, they are accelerated through many revolutions. If 
left in the tube they would then be slowed to zero, 
would start in the opposite direction, then return to 
zero as the cycle ended. Instead, at the peak of the 
first quarter-cycle, a pulse through an auxiliary coil of 
wire shifts the orbit of the whirling electrons enough 
to bring them into collision with a tungsten-wire target 
which they previously missed. This generates a beam 
of high-energy x-ray which emerges from the tube; 
and in addition there is a spray of scattered electrons. 

The primary coils of the betatron are not fed directly 
from the generator but resonate with a bank of capaci- 
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Fig.12. Inthe 100,- 
000,000-volt beta- 
tron, the electrons 
are whirled around 
inside the ‘‘dough- 
nut’? for about 250,- 
000 times in 1/240 sec 
before they reach 
their full energy, 
strike a target, and 
generate a beam of 
X-rays 


Connection Cathode Gun 
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tors. These are charged during the remaining three 
quarters of the cycle. The effect is similar to a large 
Swinging pendulum, with a large amount of stored 
energy, which is kept in motion by a relatively small 
push, given each swing at the right moment. 

As a means of saving weight in the betatron, Dr. 
Westendorp devised the method of d-c bias. This con- 
sists in applying a d-c potential through special coils 
in such a way that the zero voltage line in Fig. 13 is, 
in effect, shifted downwards, as shown in Fig. 14. Then, 
instead of accelerating the electrons only through a 
quarter cycle, nearly a full half-cycle can be employed. 
It is estimated that if the 100,000,000 electron-volt 
betatron had been constructed in this way, it would 
give radiations, up to 165,000,000 electron volts with 
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Fig. 13. In the normal operation of the betatron the particles are ac- 
celerated during the first quarter of each cycle, then they are removed 
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Fig. 14. The biassed betatron accelerates the electrons over a longer 
period and can thus reach higher energy. The d-c bias, in effect, 
shifts the zero line downwards 


no increase in size. Biassing of this kind has been used 
in the 50,000,000-volt betatron shown in Fig. 15. 
Although this has half the energy of the larger machine, 


it is only about a tenth as large. 


Because their mass is much less than that of protons, 
electrons reach approximately the speed of light much 
more quickly, as indicated in Fig. 16. It will be noticed 
that even below a million volts the electrons are 
moving at 90 per cent of this velocity, while at 10,000,- 
000 volts and higher the difference from the speed of 
light is but a small fraction of a per cent. 
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Fig. 15. The 50,000,000-electron-volt biassed betatron in the G.E. Research 


Laboratory. This machine is only about a tenth as large as the 100,000,000- 
electron-volt betatron 


Additional energy applied to the electrons cannot 
therefore be manifested in increased velocity; instead, 
it causes them to increase in mass. This is shown by 
the dotted curve, which starts to rise as the velocity 
levels off. At 100,000,000 volts, the electron has about 
197 times its rest mass. With still further increase in 
energy, the electron could be made even more massive 
than the proton. 


As electrons are accelerated with higher energies, they 
actually radiate away their energy as electromagnetic 
waves, some of them short enough to appear as visible 
light. (See CovER photo.) This effect is similar to the radi- 
ation of radio waves from the electrons moving in the 
antenna of a transmitter. Up to 100,000,000 volts or so, 
this effect 1s not serious, but at much higher energies it 
becomes so great that energy is dissipated as fast as it 
is acquired, imposing a limit for the simple betatron. 


The Synchrotron 
One means of overcoming this limitation is by the 
same phase-stability principle used in the FM cyclo- 
tron. The synchrotron, which operates in this way, was 
described independently in 1945 by V. Veksler, in 
Russia, and. by E. M. McMillan, in California. The 
operation of a synchrotron was reported in England, 
in 1946, by F. K. Goward and D. E. Barnes, who 
modified a 4,000,000-electron-volt betatron to operate 
in this way at 8,000,000 volts. A. 70,000,000-electron- 
volt synchrotron, shown in Fig. 17, was designed and 
built in the General Electric Research Laboratory under 
a contract with the Office of Naval Research and placed 
in operation in November, 1946. One for 300,000,000 
electron volts is under construction in Berkeley. Several 
other machines now in various stages of construction 
are designed for use in laboratories elsewhere. 
In general appearance, the synchrotron resembles 
the betatron; indeed, the version developed by the 
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General Electric Company begins its operation as a 
betatron. There is the big electromagnet (weighing 8 
tons in the 70,000,000-volt machine) with the primary 
coils and the glass doughnut between its poles. The 
doughnut contains the usual electron gun and tungsten 
target. One sector, however, is cut out, and in its place 
a special section is inserted. 

Shown in Fig. 18, this section is of glass, silver coated. 
The lines cut into the coating the long way are for the 
purpose of reducing losses due to eddy currents flowing 
around it. Inside the sector, at right angle to these cuts, 
a larger gap may be seen. This gap serves a purpose 
similar to the space between the dees in the conven- 
tional cyclotron, for as the electrons pass this point 
they are given additional energy. 

In operation (referring specifically to the G.E. syn- 
chrotron), electrons are injected at the start of the a-c 
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Fig. 16. With voltages into the hundreds of thousands, the velocity of an 
electron increases to nearly that of light. Then there is very slight further 
increase in speed, but the added energy makes the electron more massive 


Fig. 17. 70,000,000-volt synchrotron in the G.E. Research Laboratory. This 
machine accelerates particles to higher energies than do present-day betatrons, 
compared with respect to the weight of materials composing the machine 


cycle and are speeded to about 2,000,000 electron volts 
exactly as in the betatron. By this time their speed is 
practically constant, since they are moving at about 


97 per cent of the velocity of light. At this stage, a. 


163.8-megacycle oscillator is connected to the silvered 
section. Its frequency corresponds to the time the 
whirling electrons take for one circuit of the doughnut. 

Because of this connection to the oscillator, electrical 
charges in the silver coating surge back and forth, 
alternately changing the charge on the opposite sides 
of the gap. During the betatron stage, the electrons 
being accelerated are spread continually around the 
tube; but when synchrotron operation starts the elec- 
trons quickly become bunched and reach the gap when 
the opposite side has a positive charge, which pulls 
them across. 


Fig. 18. This accelerating cavity forms a segment of the doughnut in th 
70,000,000-volt synchrotron. Electrons are accelerated as they pass the 
gap seen just inside the lefthand edge of the section 


> 


Fig. 19. Synchrotron operation involves the principle of phase stability. 
As the electrons are accelerated, their orbits are modified to conform to 
the amounts of energy received 


The principle of phase stability operates here, just 
as in the FM cyclotron, as described previously. The 
upper part of Fig. 19 shows, in the lefthand circle, the 
paths of three electrons. Path 1 represents the normal 
orbit, with the electron returning to its starting point. 
If one receives too little energy, the effect of the mag- 
netic field is to squeeze the orbit into a smaller radius; 
the electron then follows Path 2. However, moving in 
a smaller orbit, it. returns to the accelerating gap 
sooner and, as indicated in the lower part of the dia- 
gram, it receives more than its normal quota of energy. 
Thus the next time around, the radius of curvature 
increases, and it tends to come back to its proper 
starting point, as indicated by Path 2 in the upper 
righthand part of the figure. Path 3 indicates what 
happens if an electron gets more energy than it should. 
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Fig. 20. Diagram of the operation of the synchrotron. The electrons are accelerated to energies of a couple of million volts by the changing flux of the 
magnet (1), the core of which is not shown, and further energy is added by the high-frequency electrical oscillations applied to the cavity (4) 


(1). Coils of electromagnet 
(2). Glass ‘‘doughnut”’ 


(4). One sector of doughnut, coated with silver inside and outside 
(5). Target support 


(3). Electron gun 5 (6). Beam of x-rays 
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The next time it gets less than the normal increment, 
and returns to normal. Actually, the paths do not come 
back as quickly as indicated in this simplified diagram, 
but rather there is a tendency for the electrons to 
oscillate around the mean path. 

A diagram of the synchrotron is shown in Fig. 20, 
which illustrates its structure and operation. A modi- 


gas 
under pressure 


charged 
shell ~ 


ion source 


——— 


Fig. 21. In the electrostatic generator, a positive charge is sprayed on a 
moving belt which carries it up to the shell at the top of the machine. 
Thus is built a high voltage with respect to the ground, which can be used 
to accelerate particles for nuclear research. (From Matter, Energy, and 
Radiation by J. R. Dunning and H. C. Paxton, courtesy of the McGraw- 
Hill Book Co.) 


fied form of synchrotron that is under construction at 
the University of Michigan is called the ‘‘race track.”’ 
Here the electrons move through two semicircular 
sections of tube which are connected by straight por- 
tions. In an alternative arrangement, there are four 
90-deg sections, connected similarly. 


Electrostatic Generator 

One of the earliest machines for producing relatively 
high voltages was the so-called ‘‘static’’ machine, in- 
vented about 1660 by Otto Von Guericke, of Magde- 
burg, Germany. Later these were made in a number 
of forms, and today the same basic idea used in one 
type is used to give voltages up to 5,000,000 volts. 
This is the machine developed by R. J. Van de Graaff, 
of M.1I.T., and known as the electrostatic generator. 
Its operation is shown diagrammatically in Fig. 21. 
The hemispherical metal shell is the high-potential 
terminal, called the ‘‘corona cap,”’ supported by pillars 
of an insulating material. Running down from this 
corona cap is the charging belt which can be made of 
silk, paper, or some other flexible insulating material. 
A high-voltage source (yielding perhaps 10,000 volts) 
is connected to a point from which a corona discharge 
occurs. This is close to the belt, and so actually sprays 
a charge onto it. Ascending, the belt carries these 


charges to the cap, where they are taken off and the 


cap itself is charged. The charge (actually a deficiency 


18 GENERAL ELECTRIC REVIEW 


of electrons, if it is positive, or an electron excess if 
negative) accumulates on the cap until it leaks off into 
the air. By enclosing the entire device in a tank filled 
with air under pressure or with an insulating gas such 
as Freon, the voltage can be raised well above the 
maximum possible in the open air. 

Extending from within the cap to the bottom of the 
generator 1s the vacuum tube in which ions are accel- 
erated. A small electrical generator, placed within the 
cap and driven by the belt itself, provides an auxiliary 
discharge through the gas in the tube, to provide ions 
for acceleration. Then they are accelerated down the 
tube by the voltage difference existing between the cap 
and the ground. Unlike the particles produced by the 
cyclotron, which cover a wide range of energies from 
the maximum down, those produced by an electro- 
static generator have energies in a narrow band, which 
can be accurately controlled. This feature is important 
in many types of nuclear research. 

In the simplified explanation just given, the charge 
is described as being merely removed from the belt to 


Fig. 22. To increase the efficiency of the electrostatic generator, the 
electrode which removes the charge from the belt can be so shaped that in 
addition to carrying positive charges up, the belt also carries negative 
charges down 


the cap, but in actual installations the belt takes down 
charges of the opposite sign from those that it carries 
upwards. The way this is done is shown in Fig. 22. 
The collector with one end pointed, which removes the 
charge, is placed inside the belt. The other end of the 
collector is larger and smoother. Suppose the charge 
being carried up to the belt is positive, then the point 
and the whole collector becomes positively charged. 
Another point C extends from the inner surface of the 
cap to the belt close to the position at which it is 
starting downwards and inside which is the rounded 
end of the collector. The positive charge on the latter 
attracts electrons from the cap, which are collected by 
the belt, and it carries negative charges down. Depend- 
ing on the connections with the original high-voltage 
source, the cap can be given either a negative or a 
positive charge. In the original Van de Graaff gener- 
ator and in a few others, there are two complete towers 
with their charging belts and corona caps. One is 
charged negatively, the other positively, and a potential 
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-difference is obtained from one to the other. In most of 


the installations only one is used and the particles are 
accelerated from the cap to the ground. 


The Linear Accelerator Today 

While the linear accelerator, as devised by. Lawrence 
and others in the early thirties, was abandoned 
in favor of the cyclotron, it is now attracting 
attention again. Then there were no sources of high- 
frequency impulses sufficiently powerful available. 
However, it occurred to Dr. Luis Alvarez, a physicist 
who was working on radar at the Radiation Laboratory 
of M.I.T., that pulse transmitters devised for radar 
sets were exactly what was needed. As a result he went 
back to the University of California where, under a 
grant originally from the Manhattan District, he began 
the construction of such a device. : 

A linear accelerator can be used for electrons, and 
one of this type (Fig. 23) is being constructed in the 
General Electric Research Laboratory. The principal 
project of this kind is the one under Dr. Alvarez, which 
will accelerate protons. His plans call initially for 
maximum energies of 40,000,000 electron volts, though 
if successful the project will be extended to produce 
280,000,000-electron-volt particles and eventually, per- 
haps, will go to a billion volts. One advantage of the 
linear accelerator is that, like a sectional bookcase, new 
sections may be added to the old part, continually 
increasing its power. 

In the California machine (as shown in Fig. 24) the 
protons are to be supplied, at 4,000,000-electron-volt 
energy, from an electrostatic generator. The linear 
accelerator itself is a 40-ft cylindrical steel vacuum 
tank, mounted horizontally, with a copper lining. Sus- 
pended along the axis of the tank are the copper drift 
tubes, of increasing length, to take care of the accelera- 
tion of the particles as they reach higher energies. 
Each section is connected to a searchlight-control radar 
transmitter (acquired from government surplus), oper- 


Fig. 24. Diagram of the linear accelerator for protons under construction in the Radiation Labo- 


ating at 200 megacycles and giving a peak power pulse 
of 3000 kw. Every time a particle passes from one 
drift tube to the next it receives a push, an average 
increase in energy of about 1,000,000 electron volts 
per foot. Thus the present machine will be 40 ft long 
and will use 30 radar sets, to reach 40,000,000 electron 
volts. If successful, seven such sections will be com- 
bined to reach 280,000,000 electron volts. A billion-volt 
machine would be about 1000 ft in length. 


Fig. 23. Linear accelerator for electrons under construction in the 
General Electric Research Laboratory 


While the length of the linear accelerator imposes 
some difficulties, the fact that the particles move in a 
straight line is advantageous. For one thing, there is 
no appreciable loss by radiation. Again, the cost varies 
directly with the energy attained, since high voltages. 
are reached merely by adding more sections. Because 
of the large magnets required in devices of the cyclo- 
tron family, their cost increases approximately with 
the cube of the energy. Problems of removing the 
beam from its orbit are eliminated; since it is going 
straight down the tube, the beam comes out at the end 
ready for use. . 
These, then, are the nuclear physicist’s 
atomic artillery. With such weapons he 
is bombarding nuclei, to see what happens, 
and perhaps even to find new reactions 
that may shed new light on the applica- 
tions of atomic energy. He has already 
begun to duplicate in the laboratory radia- 
tions until recently observed only in con- 
nection with the cosmic rays from outer 
space. Perhaps in this way he will learn 
more about the nature of these rays and 
where they come from. By giving a clue 
to the processes in which they are formed, 
he may find how to tap sources of atomic 
power far more efficient than the fraction 
of a per cent that he now gets from the 
fission of uranium and plutonium. Let us 
hope that when he reaches this goal he will 
also have enough knowledge and control 


ratory of the University of California. The electrostatic generator, which gives the particles ini- to use it for the benefit of mankind, not 


tial energy of 4 million electron volts, is here turned on its side. (Courtesy of Chemical and 


Engineering News) 
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J'WO COPPER CHANNELS arranged to form a hollow 
square tube with longitudinal ventilating slots vere 
tically above one another offer many advantages. 


Possessing greater rigidity than a round tube, they 
permit long spans between bus supports, and provide 
good current distribution at normal power frequencies 
with low power losses. The flat surfaces permit inexpen- 
sive tap-offs, the large areas dissipate heat, and the sim- 
plicity of arrangement makes for low installation expense. 


Each of the five shapes in which Anaconda Bus Con- 
ductors are made offers advantages of its own. In all five 
shapes, Anaconda Copper provides the high thermal and 
electrical conductivity, strength, toughness and corrosion 
resistance which make copper the preferred material for 
Bus Conductors. 7183 
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APACITORS are versatile tools in the hands 
of the industrial power engineer and already 
the use of shunt capacitors for power-factor 

improvement has become established practice. This 
article is designed to present a very different type of 
capacitor application: series capacitors installed in the 
power-supply line to improve resistance-welder voltage 
regulation. The term “‘series capacitor’ is an abbrevia- 
tion for a series-connected capacitor; similarly, the term 
“shunt capacitor’ signifies a shunt-connected capacitor. 
It is the type of connection and not the type of capacitor 
that 1s implied. , 


The Resistance-welder Voltage-regulation Problem 


Resistance welders present a difficult voltage regula- 
tion problem because of the large and rapid variations 
in the amount of current which they draw. Since the 


SINGLE PHASE 
‘ LINE 


DISCHARGE CONTACTOR 
@& RESISTOR 


CIRCUIT 
BREAKER 


SERIES CAPACITOR L 


il C+ WELDER 


~_WELDER CONTACTOR 
& TIMER 


Fig. 1. Series capacitor installed at welder 


welders operate at low power factor, these current 
variations cause large variations in the voltage drops 
across the system reactances. The problem, then, is to 
reduce these voltage drops either by reducing the welder 
current or by reducing the system reactances. , 


Low-reactance Transformers 3 

When supply transformers are to be installed with the 
welders, it is often possible to lower the system react- 
ance by using low-reactance transformers, thereby 
obtaining satisfactory voltage regulation. This scheme 
has the disadvantage of raising the fault level (current 
and kva) and thereby increasing the interrupting duty of 
the secondary breakers in the welder circuits. 


Series Capacitors at the Welders 
For some systems, the solution to the problem is the 
installation of series capacitors at the individual welders. 


This article was presented as a paper at the AIEE North Eastern District 
Meeting at Worchester (Mass.) April 23, 1947. 


This article is so paged that, without mutilating other articles, it can_be 
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Fig. 1 shows the circuit for a capacitor so installed. The 
capacitor reduces line current by improving the welder 
power factor. As a result, the voltage drops across the 
system reactances are reduced and the voltage regula- 
tion is improved. This scheme is particularly desirable 
where the welder load is made up of a few large welders 
and the diversity factor is low. 


Series Capacitors in the Supply Line 

Where the load is made up of many welders, it is often 
economically advantageous to install series capacitors 
in the supply line and thereby take advantage of the 
higher diversity factor. When installed in this manner, 
capacitors improve voltage regulation by neutralizing 
the system reactances. Fig. 2 shows the vector diagram 
which illustrates this principle. As indicated, it is 


possible to hold the voltage regulation within very 


narrow limits by selecting the proper capacitor equip- 
ment. Although system reactance is - neutralized, 
breaker interrupting duty is not increased because the 
capacitors are removed from the circuit in the event 
of a fault. This is accomplished by an air gap across the 
capacitors which arcs over in a few microseconds when 
a fault occurs on the load side of the capacitors. 


Line Series Capacitors with Load-center Units 

In one plant, series capacitors installed in the supply 
line will hold resistance welder voltage regulation within 
+ 2 per cent. At present, the power supply for this plant 
is as Shown in Fig. 3. Power is taken from the utility at 


Fig. 2. Vector diagram showing improvement of voltage 
regulation through the use of series capacitors 


GENERAL ELECTRIC REVIEW 97 


UTILITY LINE 
33KV| 30 60-~ 


aC 5000/6667 KVA 
C BUS TIE TO 


GENERATING STATION 
HW.5KV 3 60 ~~ 
: rg anata 


GENERAL POWER 
& LIGHTING LOAD 


Gis 10 
Lae 
i 


, 


NZ 


i y 


575 V 
WELDING AND OTHER LOADS 


Fig. 3. Power supply for resistance welders 


33 kv and stepped down to 11.5 kv, the main bus volt- 
age. From the 11.5-kv bus, power will be distributed 
to the welders by means of load-center units. This load- 
center scheme will reduce the amount of copper re- 
quired, the copper losses, and the cable reactance. 
Although each load-center unit will be rated 2500 kva, 
the 2:1 diversity factor which exists will permit each 
unit to supply a connected welder load of 5000 kva. 

A series capacitor will be installed in the line im- 
mediately ahead of each load-center unit. Since the load- 
center units are to be identical, the capacitor equip- 
ments will also be identical. These capacitors will serve 
to cancel out the reactance between the 11.5-kv bus 
and the welders. The load-center transformers will have 
an impedance of 6.0 per cent. The other components of 
the welder supply circuits will have a reactance of 
approximately 1.25 per cent. A series capacitor of 7.25 
per cent reactance is therefore indicated. Fig. 4 shows 
typical series-capacitor equipment of this type. 

These capacitors will have a continuous current rat- 
ing of 125 amp which at 11.5 kv corresponds to a load of 


Fig. 4. Series capacitor equipment rated 3-phase, 60-cycle, 910 volts, 198. 
amp, for 12,000-volt line. Rear panels are removed to show capacitor units and 
the back of protective panels 


2500 kva. Because of the 5000-kva load connected to 
each load center, however, these capacitors will be 
oversized to prevent the capacitor arc ea0 | eae operat- 
ing during high load surges. 


Series Capacitors with Step-down Transformers 

If the 11.5-kv bus voltage were maintained eons ett, 
the capacitors which have just been considered would 
be the complete answer to the voltage-regulation 
problem. Unfortunately, the bus voltage 1s not constant. 
Its voltage varies because of fluctuations in load current 
which cause variations in the voltage drops across the 
system reactances between the power source and the 
11.5-kv bus. This reactance is made up of two main 
components: the utility-system reactance and the 
reactance of the transformers between the utility’s 
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Fig. 5. Series capacitors installed in power supply for resistance welders 


33-kv line and the 11.5-kv bus. The utility-system 
reactance is practically constant; but the transformer 
reactance will depend upon the number of units in 
service. Consequently the cancellation of the total 
reactance presents a new problem. 

A single capacitor in the 33-kv line would not be 
practical for two reasons: first, it is not economical in 
this application; second, the reactance which it would 
have to cancel varies with the number of transformers 
in service. As indicated in Fig. 5, there are two existing 
transformers and a possible future third. Since the 
utility reactance is small compared to transformer 
reactance, the over-all reactance is nearly a direct 
function of the number of transformers in service. 

It would not be desirable to install additional ca- 
pacitors in the welder feeders because of the variations 
in reactance which they would be called upon to cancel, 
and because it is desirable to maintain the 11.5-kv bus 
voltage essentially constant for the benefit of the other 
connected loads. Hence, the capacitors will be installed 
as indicated in Fig. 5, one in series with each step-down 
transformer between the transformer and the 11.5-kv 
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bus. Only two equipments will be installed at first; but 
if a third transformer is added, an additional capacitor 
will be required. 

With only one transformer in service, the capacitor 
will overcompensate slightly; and with three trans- 
formers in service, the capacitors will slightly under- 
compensate. Under the normal operating condition of 
two transformers in service, however, the capacitors will 
almost exactly cancel out the reactance. In any event, 
the error will not be large and can be easily eliminated 
by tuning the capacitor equipment. 

These series-capacitor equipments are to have a 
continuous current rating of 335 amp. As indicated in 
Fig. 5, only part of the load current which passes 
through these capacitors is drawn by welders. For this 
reason, the high peak currents expected in the capacitor 
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Fig. 6. Voltge chart for resistance welders 


equipments previously considered will not be present 
and standard ratings will be used. These capacitors, plus 
those used with the load-center units, will solve the 
voltage-regulation problem. 


The Over-all Voltage Regulation Problem 

The over-all regulation problem is illustrated by the 
voltage chart shown in Fig. 6. Without series capacitors, 
the welder voltage drop would be approximately 20 
per cent under peak load conditions. With the series 
capacitors installed, the small voltage drop at the 
welders will be due almost entirely to system resistance. 


Fig. 8. Front view of series capacitor equipment shown in Fig. 4. Front 
doors are opened to show switching and protective devices 


Capacitor Protective Equipment 

Because line current passes through series bipacibore 
they must be protected when fault current flows. By- 
pass contactors of present standard protective equip- 
ment have a maximum current rating of 10,000 amp. 
In the installation considered in this article, the fault 
current would be above 10,000 amp. Consequently, a 
reactor will be put in series with the contactors to limit 
fault current to a safe value. A schematic diagram of the 
usual protective equipment is shown in Fig. 7; the 
equipment is shown in Fig. 8. If the circuit indicated in 
Fig. 7 were used in this case, however, the voltage across 
the reactor would maintain an excessively high voltage 
across the capacitor. Hence; the reactor will be placed 
in the line ahead of the protective equipment as shown 
in Fig. 9. This reactor is to have a reactance of 0.75 per 
cent, which means that the capacitor reactance must be 
increased from.7.25 to 8 per cent. 


7 


Tuning Capacitors 

Even though every care is taken to select the proper 
reactance values, it is not possible to calculate the 
system reactance exactly. For this reason, provision is 
made for tuning the capacitors in the field, simply 
by adding or removing units. By tuning the capacitors, 
system reactance can be matched very closely. 


Conclusion 

As resistance-welder applications increase, the 
demand for close regulation of welder voltage will 
increase. Series capacitors will consequently assume a 
growing importance in the solution of industrial voltage- 
regulation problems where resistance welders are used. 
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ECENT trends in industry have indicated a 

broadened use of electric-furnace brazing. 

Great impetus for such brazing was gained 

during World War II, in which electric-furnace brazing 

made scores of new acquaintances. Now there is in 

active production more than four times as much braz- 
ing-furnace capacity as there was in 1939. 


Electric-furnace Brazing Affords Advantages 

Reasons for this wider use of furnace brazing are well 
known to those acquainted with the process. Refriger- 
ation manufacturers are attracted by the uniformly 
clean, tight bonds, which are strong and able to with- 
stand high temperatures. Because steel assemblies are 
copper brazed in protective-atmosphere furnaces in such 
manner that they emerge bright and clean, no oxide or 
flux deposits need be removed, and no corrosion prob- 
lems result from subsequent cleaning operations. There 
is an unusually high freedom from leaks. Multiple-joint 
assemblies are brazed in one trip through the furnace. 
Also, thick and thin sections of metal can be employed 
in the same assembly. 


Manufacturers of other classes of products find 
advantages in using fabricated subassemblies made of 
stampings, screw-machine parts, and tubing, rather than 
parts formerly machined from solid stock, forged or cast. 
Fabricated subassemblies that are now furnace brazed, 
but which were previously riveted or pinned and which 
worked loose in service, have many times the strength 
and life. Because of this, they can also be made smaller 
and lighter. Attendant with all these advantages are 
marked cost savings, both in manufacturing and 
servicing of the products. Production cycles are also 
speeded up. 


Furnace Brazing Applied to Insecticide Bomb 

Practically all of the advantages enjoyed by refriger- 
ator manufacturers are also gained by the Bridgeport 
Brass Company in the manufacture of its Aer-a-sol 
insecticide bomb. Fig. 1 illustrates one of the 15-o0z 
bombs in use. Opening the valve at the top releases 
insecticide-laden Freon with great force. The particle 
size of the insecticide is broken up so finely that the 
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insecticide disperses itself throughout an entire room 
in a fog-like mist which remains suspended in the 
atmosphere from twenty minutes to two hours. The 
spray need not necessarily be directed on insects them- 
selves because the mist also effectively permeates all 
cracks and crevices to find its “kill.” 


Originally, the steel containers for these bombs were 
brazed by heating the joints locally and employing a 
flux to assure wetting of the steel by the brazing metal. 
Great difficulty, however, was encountered after braz- 
ing in removing deposits of charred flux from the 
interior of the containers. This removal was very 
important, because any loose particles would tend to 
clog the 0.008-in.-diam orifice in use at that time. There 
was also the ever-present danger of corrosion from 
moisture being trapped in the container. Moreover, a 
large percentage of the brazed containers leaked be- 
cause, prior to brazing, absolutely clean, uniformly 
fluxed surfaces in the brazing area were imperative to 


Fig. 1. Opening of the valve of the Aer-a-sol releases insecticide-laden 
Freon with great force, breaking up the particle size of the insecticide 
so finely that is disperses itself throughout an entire room 
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Fig. 2. Trays are discharged automatically from the protective atmosphere 
cooling chambers of both furnaces, given additionai air-blast cooling, and 
then make a U-turn onto the return gravity conveyor 


prevent leaks, and on a large production scale this was 
found difficult to accomplish. 


Now that the containers are being electric-furnace 
brazed, those difficulties have been overcome. Inex- 
pensive copper is employed as the brazing metal, and 
no flux is required. The controlled atmosphere within 


the furnace protects the parts from becoming oxidized 


during the heating-and-cooling cycle, and the assemblies 
emerge from the furnaces clean, dry, and bright. Thus 
there are no oxides or foreign materials to be removed. 
With no cleaning required either inside or outside the 
shells, the corrosion hazard from entrapped moisture 
has been eliminated. The four joints in each assembly 
are bonded at once in a single trip through the furnace, 
and these bonds are uniformly strong and tight, with 
almost 100 per cent of them testing free from leaks. 


Three sizes of containers are currently being manu- 
factured, and very shortly there will be three additional 
sizes made. Sizes now being made ate the 344-o0z and 
15-oz nonrefillable type, and the 16-o0z refillable type. 
The latter two are furnace brazed. Future sizes are to 
be 214-lb, 5-lb and 10-lb refillable containers, all of 
which will be furnace brazed. 


The actual brazing of the unit is done in one process 
in which the following four joints are brazed simul- 
taneously: (1) the male shell to the female shell, (2) the 
siphon tube to the.lower half of the valve body, (3) the 
two halves of the valve body, and (4) the upper half of 
the valve body to the female shell. The other parts are 
then assembled to complete the container, these being 
a fusible metal plug at one end and a valve assembly 
at the other. 


The Furnace-brazing Operation 

For furnace brazing, the bomb-assemblies are placed 
upright on trays, with the valve bodies at the bottom. 
A midriff brazing ring and butterfly brazing washer 
are on the top side of the joints to be bonded. As the 
containers pass through the heating chamber of the 
electric furnace, the protective atmosphere reduces any 
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oxides present on the metal and prevents the formation 
of other oxides, thus preparing the surfaces of the parts 
to be wetted by the molten copper. When the copper 
melts, it therefore wets the steel surfaces, creeps on 
these surfaces, puddles at the top side of the joints, 
and is then drawn into the joints by capillary attrac- 
tion, where it forms alloys with the steel. As the as- 
semblies pass into the cooling chamber of the con- 
trolled-atmosphere furnace, these copper-iron alloys 
solidify and develop great strength. When the parts cool 


to about 300 F, they are discharged into the air of the, 


room and are so cool that they do not become oxidized. 
Thereby the containers are delivered from the furnace 
with strong tight bonds and clean bright surfaces. 

The furnace-brazing operation on the containers is 
undoubtedly the most important and most spectacular 
step in their manufacture. All preliminary operations 
are performed with successful furnace brazing as the 
goal. Having achieved this brazing success, subsequent 
operations are facilitated. Costs all along the line are 
at a minimum, and considerably below those encoun- 
tered with the previous brazing method used. The high 
dependability of the assemblies as they come from the 
furnaces, with respect to tightness, strength, cleanliness, 
and dryness, is of major importance. 


Roller-hearth Furnaces 

Fig. 2 shows the two roller-hearth conveyor-type 
copper-brazing furnaces in the Bridgeport Brass Com- 
pany plant, viewed from the discharging end. Promi- 
nent in Fig. 2 is a return conveyor which carries the 
trays from the discharge end back to the charging end. 
To the left, in Fig. 2, is shown a spur conveyor, pro- 
vided for the storage of loaded trays. 


Furnace Construction. Each furnace consists of a heat- 
ing chamber with an adjoining water-jacketed cooling 
chamber, throughout which there is a driven-roll table 
carrying trays loaded with the containers being brazed. 
Doors at each end, normally closed, are opened inter- 
mittently to charge and discharge the trays. The pro- 
tective atmosphere is maintained throughout the fur- 
nace. The heating chamber is heavily insulated, and has 
a refractory lining which supports thick ribbon-type 
electric heating units. A temperature of about 2060 F is 
maintained in two separately controlled zones, with a 
total rating of 180 kw. 


Heating Units. The heating units are mounted in 
sinuous loops in the roof and on side walls above and 
below the roller conveyor. The heating chamber is 9 ft 
long and the cooling chamber 30 ft long. A water jacket 
in the cooling chamber is provided by a construction 
having two concentric rectangular steel shells divided 
lengthwise into three sections. This gives three zones of 
cooling-water control, the first of which is automatically 
regulated, the last and the coolest sections being manu- 
ally regulated. 


Roller Bearings and Chains. Roller bearings for the 
rolls are mounted outside the furnace casing and are of 
the self-aligning type. Water jackets are provided for 
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cooling the bearings of the charging vestibule, the 
heating chamber, and the first section of the cooling 
chamber. Gas-tight gaps are mounted on the bearings 
along one side of the furnace to allow for expansion of 
the rolls. On the opposite side, each roll has a sprocket 
on its shaft extension. An endless roller chain drives all 
heating-chamber rolls, and another such chain drives all 
cooling-chamber rolls. Each of these chains is equipped 
with a take-up to compensate for wear, and they are 
propelled by a motor-operated adjustable-speed driving 
mechanism alongside the furnace. A gas-tight housing 
covers the chain-drive mechanism alongside the heating 
and cooling chambers to prevent infiltration of air. 


‘The conveyor speed is adjustable over a 6-to-1 range to 


allow flexibility in brazing work with various heating 
characteristics. 


Roll Construction. The rolls in the charging vesti- 
bule, heating chamber, and first section of the cooling 
chamber are hollow, made of heat-resisting cast alloy. 
The rolls in the remaining sections of the cooling 
chamber are made of solid steel. When the furnace is 
hot, continuous turning of the rolls keeps them straight, 
and they have unusually long life, considering the service 
to which they are subjected. In event of power failure, 
a clutch can be used to disengage the driving mechanism 
so that the rolls can be turned manually. | 


Furnace Output. The output of each furnace is 700 
containers per hour. With each container weighing 1 lb, 
the net production is, therefore, 700 lb per hr. The 
additional weight of the trays brings the gross pro- 
duction to about 1352 lb per hr. For this rate of pro- 
duction, the power consumption is about 157 kw-hr per 
hr. The furnace atmosphere consumption is about 1500 
cu ft per hr, which is an amount made by partially 
burning 675 cu ft per hr of coke-oven gas in an atmos- 
phere-gas converter. This converter is a separate unit, 
and appears behind the attendant shown in the FRoNtT- 
ISPIECE. The low cost of the gas from this unit, and the 
high operating economy, low maintenance, and con- 
tinuity of service of the roller-hearth-type brazing 
furnace are major factors in the practicability of furnace 
brazing in mass production on jobs of this sort. 


Auxiliary Furnace Operations 

The roller-hearth electric copper-brazing furnaces are 
automatically charged and discharged, and do not 
require operators at either end to take care of these 
functions. The trays are manually loaded and unloaded, 
manually transferred along the gravity table shown in 
Fig. 2, and manually transported on a transfer table 
at the charging end. All other operations are automatic. 


‘Loading the Brazing Tray. Assembled containers, ready 
to be furnace brazed, are brought to the loading station 
(Fig. 3) on a belt conveyor. Here they are dumped into 
hoppers frcm which the operators take them one at a 
time, Snap on the midriff brazing rings, and place them, 
with valve body down, into the brazing trays. Each tray 
holds 54 containers. In forming these trays, thin sheets 
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of Inconel heat-resisting alloy were cut and fabricated 
in a flexible manner to minimize stresses from heat 
shock. Each tray is about 24 in. wide and 36 in. long, 
weighing approximately 50 lb. The containers to be 
brazed weigh about 1 lb each, giving a net loading of 
about 54 lb per tray. The gross weight, therefore, is 
approximately 104 lb per tray. 


Insertion of Trays. A trayload of containers is manu- 
ally rolled up to the charging door of the furnace on a 
short gravity-roll table. In this position, the tray inter- 
cepts the beam of a photoelectric relay or electric eye. 
Another tray just inside the door travels slowly along 
at the fixed conveyor speed and intercepts the beam 
of another photoelectric relay about four feet within 
the entrance vestibule. When the trailing end of this 
tray passes out of the light beam and allows the beam 
to close, a time-delay relay starts and permits the tray 
to continue a little further so that it will not be bumped 
by the oncoming new tray soon to be run in. At the 
end of this short timing cycle, the motor-operated front 
door rises, and the motor-operated auxiliary driving 
mechanism charges the tray into the entrance vestibule 
at relatively high speed, using an over-running clutch 
release. When the forward end of the tray intercepts the 
beam of the electric eye within the charging vestibule, 
the auxiliary drive stops and the entrance door closes. 
This completes the charging cycle, and the tray moves 
along at the regular slow conveyor speed. During the 
short interval while the door is open, in the neighbor- 


Fig. 3. Pictured here is the loading station on the gravity conveyor, at which 
operators are preplacing midriff copper wire brazing rings on the containers 
and loading the assemblies into trays 
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hood of five seconds, a gas-flame curtain plays up over 
the opening to minimize the infiltration of air. 


Discharge of Trays. At the opposite end of the 
furnace, there is an automatic discharging mechanism 
which functions very much like the charging mecha- 
nism. The tray approaching the discharging door inter- 
cepts the beam of an electric eye, causing the door to 
rise, and causing an auxiliary drive to run the tray out. 
A timing relay causes the door to close and the auxiliary 
drive to stop. 


Cooling. Although the discharged work is so cool 
that it will not be discolored in the room air by 
oxidation, the parts are further cooled by means of an 
air blast provided over each discharging table to make 
the parts easier to handle when the tray is unloaded. 
Following this additional cooling operation, the trays 
make a U-turn on the return conveyor as shown in 
Fig. 2. 


Unloading. When the trays pass about one-third the 
way along the return conveyor, they reach the unload- 
ing station. Here the brazed containers are manually 
lifted out of each tray and visually inspected for quality 
of the brazed joints. They are then sent in chutes to the 
next station, where fusible plugs are inserted. The tray 
is then pushed along to the loading station on the 
return conveyor. 


Brazing the Joints 

An interesting and important phase of the furnace- 
brazing operation is the selection of the proper form, 
amount, and location of the brazing metal. A number 
of ways were tried in developing the best technique to 
employ for the insecticide containers, resulting in a 
most simple and inexpensive method of using midriff 
brazing rings and butterfly. washers. (Figs. 3, 4, and 5.) 

In Fig. 4, the midriff brazing ring can faintly be seen 
in position at the top side of the mid-joint. Another is 
also shown in the right foreground. Fig. 3 shows large 
quantities of the rings on cylindrical blocks in the fore- 
ground, and in trays in front of the operators. These 
rings are made on a spring-winding machine located 


close to the assembly station to minimize handling and 


possible distortion. The latter is a relatively important 
point because the rings are required to hug closely 
against the containers to assure that the molten brazing 
metal will flow into the joints. The rings are formed and 
knurled by a pair of feed rolls on the spring-winding 
machine to provide a semicircular cross-section and to 
work-harden the copper as much as possible to make 
it springy. In addition, the rings are formed slightly 
undersize to assist the springing action against the 
containers. Hard commercially pure copper wire, No. 19 
_Brown and Sharpe Gage, is employed. 

In Fig. 5, the butterfly washers, which supply brazing 
material for three joints, are shown, together with two 
Screw-machine parts (left) that are pressed together to 
form the valve body pictured in the center. 

A cross-section drawing of the insecticide bomb is 
Shown in Fig. 6. The upper and lower halves of the 
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illustration show the container in two different stages 
of production. The lower half illustrates the five as- 
sembled parts with brazing metal in place, prepared 
to go through one of the copper-brazing furnaces. ‘The 
upper half shows the joints bonded after brazing, along 
with the other assembled parts, these being a fusible 
metal plug and a valve assembly, to complete the 
container. 


The midriff brazing ring is used for brazing Joint (1) 
(Fig. 6); being drawn into the joint by capillary action. 
The butterfly washer, a small piece of copper foil 
punched in butterfly shape, supplies brazing metal to 


the three remaining joints at the bottom of the as- 


sembly. As this piece of copper melts, the brazing metal 
immediately surrounding the tube enters Joint (2) 
(Fig. 6) between the siphon-tube and valve body, and 
that portion overhanging the valve body runs down into 
Joint (3) between the upper and lower halves of the 
valve body, and into Joint (4) between the upper half 
of the valve body and the female shell. Thus the advan- 
tages of such a scheme are simplicity and low cost. 
The washer is blanked from commercially pure sheet 
copper 0.010 in. thick. 


Inserting the Fusible Plug 

To assure safety in handling the insecticide bombs, 
fusible plugs are employed to prevent rupture of a 
normally charged cylinder when subjected to an un- 
usual condition resulting in abnormally high tempera- 
ture. This fusible metal will yield at a predetermined 
temperature to permit escape of the gas without rocket- 
ing effect. The yield temperature range selected is 
$57 -Etocl 70 F. | 


Containers delivered through chutes from the un- 
loading station of the return conveyor arrive at a sta- 
tion where the fusible metal is applied. It is inserted in 
the recess shown in the end of the male shell, Fig. 6. 
This is accomplished by ‘ocally heating the fluxed 
recesses with electric irons and then filling in with the 
fusible metal, which is supplied in the form of wire. 


Dispensing Valve 

After the fusible metal is inserted, the dispensing 
valve is assembled on the container. One of these 
valves is shown in Figs. 1 and 6. Before the container is 
filled, a backing spring within the valve pushes a 
nickel-plated brass valve cup against a synthetic-rubber 
packing which is not affected by the contents of the 
bomb. After the container is filled, this spring pressure 
is then assisted by the vapor pressure of the contents. 
Thus, under all conditions, the valve is normally closed. 
A tiny orifice in the end of the nickel-plated brass spray 
head is for the release of the insecticide. 


To operate the bomb, the spray head is turned on its 
threaded connection with the valve body causing a 
plunger assembly to push on the valve cup and break 
the seal between the valve cup and the packing. The 
insecticide then travels up through the plunger sleeve, 
around the plunger screw, and out of the orifice. The 
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spray head is turned back in the opposite direction to 
close the valve, and it can even be completely removed, 
if desired, without any loss of the contents or without 
danger of the spray head flying. 


The Container Parts 

The two half-shells for the containers are made of 
SAE-1010 No. 5 soft deep-drawing’ electric- or open- 
hearth steel. Coiled strip 0.043 to 0.049 in. thick is used 
for the 15-oz container, which is cleaned and dry soaped 
before fabrication. The male shell is blanked and 
cupped in a double-action press, drawn and clipped, 
washed, dried, inspected, skimmed, and beveled to 
provide an entrance angle for assembly, and to remove 
clipping burrs. The bottom of the shell is then dished, 
as illustrated in Fig. 6. The receptacle then is formed 
and blanked to hold the fusible metal. In similar 
fashion, the female shell is blanked and cupped, re- 
duced, flared, and stab-pierced. The skirt is drawn and 
clipped, following which the shell is washed, dried, and 
inspected. The bottom of the shell is formed and 
blanked, the ICC specification number and symbol of 
ownership are embossed, and the shell then skimmed 
and beveled to remove clipping burrs. The bevel has 


two purposes: first, to form an entrance angle for 


Fig. 4. Assembly of valve body, copper butterfly brazing washer, and tube 
are shown at left. After the tube is bent, the male shell is pressed into the 
female shell (right). A copper-wire midriff brazing ring snapped around the 
male shell near the joint completes preparation for furnace brazing 
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Fig. 6. Longitudinal section of the con- 
tainer in horizontal position. The four 
bonded joints are numbered in the upper 
half of the illustration and are made be- eae 
tween the parts as follows: (1) The male METAL 
shell to the female shell, (2) the siphon 
tube to the lower half of the valve body 
(3) the two halves of the valve body to 
one another, and (4) the upper half of the 
valve body to the female shell. Also shown 
in place are the fusible metal insert (left), 
and the valve mechanism (right) 
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assembly; and second, to form a reservoir for the 
molten copper. | 

Two screw-machine parts make up the valve body. 
These are cut from AISI B-1113 magnetic-tested steel 
rod. Fig. 5 shows these two parts prior to assembly at 
the left, and after assembly at the right. They are also 
shown in Fig. 6. A method sometimes used for obtain- 
ing inexpensive tight fits for furnace-brazing applica- 
tions is employed here, in that the male section is 
straight knurled to accomplish this purpose; adequate 
strength and tightness are obtained with it in this 
example. At opposite ends of the knurled section there 
are grooves which serve as reservoirs to capture any 


excess copper during brazing. 


Bundyweld copper-brazed steel tubing is used to make 
the siphon tube, also shown in Fig. 5. The %-in.-diam 
tubing is cut in 5;¢-in. lengths, then is struck about 
4 in. from one end to form tiny ears. These ears lock 
the butterfly brazing-metal washer in place so that it 
cannot become dislodged during handling prior to 
brazing. 

Cleanliness of parts is a very important factor contrib- 
uting to the success of furnace brazing, and care is 
taken to assure that parts going into the bomb-container 
assembly are well cleaned. Cutting and rust-proofing oils 
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Fig. 5. Twoscrew-machine parts (left) are pressed together to form the valve 
body (center) leaving an internal recess for holding a synthetic rubber packing. 
The valve body is then pressed and staked into the female shell. The butterfly 
copper washer is placed over the end of a piece of Bundyweld tubing which 
is then pressed into the valve body 
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‘Fig. 7. The containers are air-pressure tested in this automatic machine, 
at a pressure of 200 psi for the 15-oz size and 400 psi for the 16-oz size. The 
containers travel for 30 sec through a: water bath where leakers are marked; 
the containers are then carried out of the water bath and evacuated 


on the small parts are removed by a vapor degreaser; 
drawing soap and other foreign materials are cleaned 
from the two half shells in a hot caustic solution; then 
these are well rinsed. The parts thus cleaned are ready 
to go to the assembling stations. 


Assembling the Container | 

Building the valve body in two parts makes it pos- 
sible to provide an internal recess to hold the synthetic- 
rubber packing, which otherwise would be difficult or 
impossible to form in a one-piece construction. The 
simplicity of the two parts, and the fact that they can 
be brazed simultaneously with the remainder of the 
assembly, makes the arrangement an inexpensive one. 
Assembling of the two halves of the valve body 1s ac- 
complished by pressing them together in a specially 
designed dial press, with the result shown in Fig. 5. 


Sizing of the valve body and the punched hole in the. 


female shell is such that the parts can be joined with a 
free fit. Assurance, that once assembled, parts will hold 
this relationship is gained by staking the shell around 
the hole at four points with a broken-ring stake. Such 
staking operations are common in furnace-brazing work, 
and they provide an inexpensive means of securely 
locking the parts together to maintain the proper 
relationship during handling, subsequent operations, 
and the trip through the furnace. 


Referring again to Fig. 5, the copper butterfly brazing 
washer is placed over the end of the siphon tube; the 
tube is then pressed into the valve body as shown to 
the left in Fig. 4; a press fit assures its being held in 
place throughout subsequent operations, as well as 
contributing to a strong tight bond. Following its 
assembly, the tube is then bent in a foot press to obtain 
a press fit. 


The final assembling operation consists of forcing 
the two shells together in a fixture consisting of an air- 
cylinder-actuated ram and an air-cylinder-actuated 
full-book, under approximately 1600 lb pressure. The 
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parts are sized to given an interference fit of from 
0.002 to 0.010 in. with an overlap of 3% in. The com- 
pleted assembly, ready for furnace brazing, is shown 
at the right in Fig. 4. 


Air-pressure Test 

Having been assembled, the containers are then 
passed through the continuous-brazing furnaces as 
described, followed by attachment of the fusible metal 
plug and dispensing valve, and are then ready for an aif 
pressure test. Fig. 7 shows the equipment in which this 
testing is done, the operation being entirely automatic 
to assure correct testing without errors which otherwise 
might be attributed to the human element. The oper- 
ator at the right (Fig. 7) places the bombs on a con- 
veyor. Dehydrated air at 200 psi is then charged into 
the 15-oz containers; a pressure of 400 psi is used in the 
16-oz containers. 

The conveyor carries the containers through a water 
bath for a period of 30 sec in which leakers are marked, 
then brings them into the air, where they are evacuated. 
The containers are then discharged onto another con- 
veyor where those failing to pass the test are rejected. 
These failures are rare and, as previously mentioned, 
the percentage passed is almost 100 per cent. This is 
good evidence of the effectiveness of the use of proper 
technique, and is representative of results successfully 
obtained elsewhere as well, using the multiple-joint 
furnace-brazing process. 

In addition to the air-pressure test, samples are 
picked at random and hydraulically tested to destruc- 
tion, according to rigid ICC specifications. Fig. 8 shows 
the equipment used for such tests, and also the appear- 
ance of a typical container after being tested in this 


manner. One out of each 3000 or less, of the 15-oz - 


Fig. 8. ICC specifications require that for the 15-oz container one out 
of each 3000, or less, successfully produced, be hydrostatically tested to 
destruction in the equipment shown above 
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containers successfully produced is hydrostatically 
tested in this equipment and bursts in the neighborhood 
of 2000 psi. Another sample from such a lot is flattened 
between knife edges to test the steel, it being specified 
that no cracks shall appear when the outer surfaces of 
the walls are not farther apart than six times the thick- 
ness of the wall. Another sample from the lot is checked 
for cubic-inch capacity and then cut in half to de- 
termine the minimum wall thickness. Similar tests are 
made on the 16-oz container, with the exception that a 
lot consists of 1000 pieces or less successfully produced, 
instead of 3000, and the experience is that these cylin- 
ders burst in the neighborhood of 2400 pst. 


Charging the Bombs 

Having satisfactorily passed the pressure test, the 
containers are then ready to be charged. The insect- 
killing ingredients are 2 per cent of 20 per cent Pyre- 
thrum extract, and 3 per cent of D.D.T. dissolved in 
naphthalene solution. However, 80 per cent of the 
charge consists of liquefied Freon gas at 90 lb pressure 
at average room temperature. In operation of the bomb, 
for use against small flying insects, a spray of six to 
eight seconds duration is sufficient in an average size 
room (approximately 14 ft square). At least 100 such 
rooms can be treated with the contents of one 16-0z 
bomb. 

All components of the insecticide are carefully 
checked and mixed by the laboratory, and a complete 
qualitative and quantitative analysis of the mixed 
concentrate is made; batches are held in and released 
by the laboratory as required in production. Filling the 
containers with the insecticide is done on machines 
which dose the insecticide and also weigh it. An operator 
is stationed as a weight checker at each machine to 
constantly check the settings and the resultant weight 
of the insecticide dose, which is held to an accuracy of 
plus or minus one gram. 

The Freon is introduced secondarily and its weight is 
checked in the same manner as is the insecticide. Inas- 
much as the Freon is charged at 90 lb pressure, a 
solenoid-locking device is employed to assure that the 
container will not be removed until the pump has 
completed its full cycle. 


' Finishing and Packing 


Following the charging operation, the bombs are 
placed on an overhead chain conveyor which carries 
them through cleaning and phosphorizing sprays to 
prepare them for lacquering. Remaining on the con- 
veyor, they are carried through a spray booth where 
they are lacquered; and traveling farther on to the 
inspection line, they are removed from the chain con- 
veyor. At this station, each bomb is again weighed and 
operated to make sure that it will give a correct spray. 

Following this inspection, the containers are placed 
on a belt conveyor which carries them to farther sta- 
tions at which gummed paper labels are applied, fol- 
lowed by final visual inspection and packing, to com- 
plete the manufacturing cycle. 
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Economy 


FOR EXAMPLE: ONLY 


SIX SIZES FOR 16 WIRES 
No. 14 to 1,000,000 c.m. inclusive. 


VERY connector can be 


used over and over again. 


Minimum wiring time... 


lower wiring costs. 


Write for 48-page 
illustrated catalog. 


x When you use Greenohms 
—those distinctive green-col- 
ored cement-coated power 
resistors, it means you are 
building quality, depend- 
able, long-lasting equipment. 
For Clarostat Greenohms 
stand the gaff. The cold-set- 


‘ting cement won't crack, 
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flake, peel. Wire winding is 
unimpaired in fabrication. 
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overloads without flinching. 
As rugged mechanically as 
electrically. A Greenohm 
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terested in tougher power re- 
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There are values in the use of permanent magnets— 
increased efficiencies and economies—that should be 


investigated by many a manufacturer of electrical and 
mechanical equipment. The past decade has seen great 
strides in the scope and utility of permanent magnets, 
and this progress is important to you. 

Equally important are the extra values you'll find in 
Arnold Permanent Magnets—the natural result of 
specialization and leadership, and: of complete quality 
control in every production step from melting furnace 
to final test. @ Call in an Arnold engineer to help with 
your design and planning—write direct or to any 
Allegheny Ludlum office. 
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The name on these bearings—NEW DE- 
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Tomorrow! 
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A SPECIAL-PURPOSE POWER SUPPLY ~~ 


For 160/1500-volt operation. Circuit characteristics provide 
for low hun, stability, low output impedance, and continuous 


voltage adjustment over a wide range. Design considerations 


By P. W. HOWELLS 


General Engineering and Consulting Laboratory 


General Electric Company 


RESENT trends in the developments of elec- 
tronic devices have created a need for a regulated 
power-supply unit having special characteristics 
that differ from those of power-supply units in common 
use today. Such devices as klystron oscillators, photo- 
tubes and electron multipliers, cathode-ray-tube cir- 


cuits, and multistage direct-coupled amplifiers may 


require a source of stabilized d-c power at a voltage 
higher than that obtainable from most of the present 
commercially available power supplies. In many of 
these applications, special requirements of low hum, 
stability, low output impedance, or continuous adjust- 
ment of output voltage over a wide range make most 
power supplies unsuitable. 

To meet such requirements as these, there has been 
developed a 160/1500-volt regulated power supply (Fig. 
1.) This regulated power supply provides a convenient 
source of d-c voltage, continuously adjustable over its 
entire range by means of a single control. The supply 
has a low-ripple output voltage, good stability of output 
voltage with respect to line-voltage or load-current 
changes, and a low output impedance to minimize the 
possibility of undesired coupling between load circuits 
through the power supply. These characteristics make 
the power supply suitable for use as a laboratory 


Fig. 1. The 160/1500-volt regulated power supply in use 
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instrument. The size and weight of the unit make it 
readily portable. The performance specifications of the 
finished unit are as follows: 


(1). Power requirements, 105/125-volt 60-cycle 
commercial power supply; power consumption, 
approximately 800 watts full load. 

(2). D-c output power, 0.125 amp, 160 to 1500 
volts output continuously variable, continuous duty. 

(3). Ripple, less than 50 millivolts peak to peak 
value. : 

(4). Load regulation, less than 0.15 per cent 
change in output voltage due to application of full 
load at any rated output voltage or power line 
voltage. : 

(5). Line regulation, less than 0.015 per cent 
output-voltage change per volt change in line voltage 
for any rated output voltage, line voltage, or load. 

(6). Stability, less than 0.2 per cent change of 
output voltage after temperature stability has been 
attained. 

(7). Output impedance, less than 10 ohms at 
1500 volts and 2 ohms at 160 volts output at fre- 
quencies from d-c to 100 ke. 

-/(8). Ambient temperature range, from 10 C to 

35 C. 

The physical specifications call for cabinet dimen- 
sions as follows: width, 2114 in.; height, 1534 in.; depth, 
17 in.; weight, 135 lb. The rack-mounting dimensions 
are: depth, 16 in.; panel width, 19 in.; panel height, 
14 in. : 

To achieve its unusual performance, the 160/1500- 
volt regulated power supply employs several features 
not found in the conventional supply. In general, 
however, it takes the conventional form, consisting of 
an unregulated power supply and a regulating circuit 
(Fig. 2). The regulating circuit is a direct-coupled 
feedback loop whose input compares a sample of the 
output voltage to a reference voltage, and whose output 
regulates the output voltage so as to minimize its 
tendencies to vary. If this regulating action is increased 
indefinitely, the stability of the output voltage will 
approach that of the reference voltage. 

Normally, the regulating circuit consists of some kind 
of reference voltage, such as the potential difference 
across a gas-discharge tube, and a direct-coupled 
amplifier whose final stage is connected in series with 
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Fig. 2. Block diagram of a conventional regulated power supply 


the output terminals so that the load current flows 
through it. To the input of this amplifier is supplied 
the voltage difference between the reference voltage Es, 
and some fraction kég of the output voltage. Variations 
of the output voltage cause like variations of this differ- 
ence voltage; these are amplified and supplied through 
the amplifier and its final stage, the series tube, to the 
output terminals so as to oppose and nearly cancel the 
original tendency to change. This original tendency to 
change is decreased by a factor approximately equal to 
the gain kG of the regulating loop, where G is the ampli- 
filer gain. . ; 

Since the whole regulating circuit is direct-coupled, 
this correction acts against a tendency for the output 
voltage to change at any frequency from d-c to the 
cutoff frequency of the amplifier. As a result of this 
regulation, the output terminals maintain a stable 
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Fig. 3. Block diagram of the 160/1500-volt regulated power supply 
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d-c voltage quite free from power-frequency ripple 
components and present a very low impedance to 
changes in load current or in the unregulated power- 
supply voltage. The quantitative action of this type of 
circuit has been well developed in previous articles“, 
and for that reason no attempt to present more than an 
approximate physical explanation of its operation will 
be made here. 


Special Features 

A three-stage regulating amplifier, in which all the 
stages operate at a potential near that of the positive 
output terminal, is one of the special features of the 
160/1500-volt power supply. It allows the use of 
receiving-type tubes, and affords a high-gain regulating 
action resulting in increased stability, lower output 
impedance, and lower output-voltage ripple. 
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Fig. 4. Simplified diagram of the regulating circuit 


Other unusual features are a separate bias supply for 
the regulating amplifier, which makes its operation 
independent of the output voltage, and a ganged input- 
output voltage control arranged to keep the plate 
voltage of the series tube within desired limits through- 
out the entire output-voltage range. By this means, 
the required plate-dissipation rating of the series tube 
has been reduced to less than one-quarter of the rating 
that would ordinarily be required, with none of the dis- 
advantages of range switching. 

A block diagram of the 160/1500-volt regulated 
power supply is shown in Fig. 3, and a simplified form 
of the regulating circuit is shown in Fig. 4. The ad- 
vantage of this circuit arrangement is the fact that the 
operating conditions of the regulating circuit are 
largely independent of output voltage. The series-tube 
plate-dissipation rating is determined by the line volt- 
age and the load-current regulation of the unregulated 
power-supply, and, except for the effect that the output 
voltage has on these factors, is independent of output 
voltage. This circuit, therefore, is readily adaptable to 
high-voltage power supplies working at other voltage 
levels, a direct result of the combination of the three- 


(1)‘‘On Electronic Voltage Stabilizers,” by F. V. Hunt and R. W. Hickman, 
Rev. Sci. Instr., Jan., 1939, p. 6. 

‘Electronic Voltage Stabilizer for 1 to 50 Kv. and 200 to 500 Ma.,” by 
L. G. Parratt and J. W. Trischka, Rev. Sci. Instr., Jan., 1942, p. 17. 
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tubes of the gas-discharge 
type. The internal resistance 
of these tubes is approxti- 
mately 200 ohms at d-c, so 
they do not introduce exces- 
sive cathode degeneration. 

In the circuit in Fig. 5 the 
cathode of the first-stage 
Tube V3 of the amplifier is 
biased negatively from the 
positive output terminal by 
means of the VR150 Tube 
Vé8.° The cathode of the 
second-stage Tube V4 of the 
regulating circuit is biassed 
negatively from the positive 
output terminal by means 
of the VRI05. Tube V9: 
This arrangement allows an operating plate voltage of 
approximately 42 volts for the first stage and 80 volts 
for the second stage. 


These cathodes are biassed independently rather than 
by two VR tubes in series, even though such an 
arrangement would provide higher plate voltages, be- 
cause enough regenerative coupling would be intro- 
duced by the series connection to sustain an oscillation 
involving these two stages. 


A convenient source of regulated screen voltage for 
the second stage is the positive output terminal of the 
supply. To permit the second stage to drive the grids 
of the series tubes positive, if necessary, the plate 
resistance of this stage is made low and is returned to 
a source of voltage, Tube V/1, more positive than the 
cathode of the series tube. 


Series-tube Stage 


The third stage of the regulating amplifier is the 
series-tube stage, containing Tubes V5, V6, and V7 
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r (Fig. 5). 


The major portion of the design of this stage 
‘s concerned with the dissipation and voltage conditions 
encountered under the most severe conditions of line 
Be voltage of this stage is maintained by the ganged 
voltage control at its optimum value for any output- 
voltage setting, the most severe condition is encoun- 
tered at the maximum output voltage, where the 
variations of the unregulated supply voltage due to 


maximum line voltage or load changes are the greatest. 


These relations are shown in Fig. 6. Here the plate 
voltage of the series tubes was chosen under the 
condition of minimum line voltage and maximum load, 
so that the series tubes would conduct the load current 
with a reasonable factor of safety. The unregulated 
supply voltage is then the output voltage plus this 
minimum value of series-tube plate voltage. The 
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Fig. 5. Schematic circuit diagram of the regulated power supply 


rated 19 per cent increase of line voltage will then 
produce a 19 per cent increase of this minimum un- 
regulated supply voltage, which must be absorbed by a 
corresponding increase of series-tube plate voltage. 
Maximum dissipation in the plate of the series tubes 
occurs at this point, as may be seen from an examina- 
tion of Fig. 6. | 

It is advantageous to make the minimum plate 
voltage of the series tubes as small as possible because 
this voltage greatly affects the plate-dissipation rating 
required. Increasing this minimum plate voltage from 
100 to 500 volts, as would be required by the use of a 
triode series tube, would more than double the 
series-tube plate-dissipation rating required for this 
supply. 

The maximum plate voltage of the series tubes is 
encountered with no load and with the line voltage at 
its maximum rated value; and here the maximum plate- 
voltage rating of the tube is determined by the load 
regulation of the unregulated power supply. 
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e. output voltage, and load. Since the normal — 


The type of tube used here has a large effect on the 
efficiency of the supply. If a pentode or beam-power 
tube is used, the minimum plate voltage at full load 
may be made quite small, keeping the required plate- 
dissipation rating to a minimum. On the other hand, 
most transmitting triodes require either fairly high 
plate voltage or comparatively high grid-driving power 
to conduct a high current. The pentode has the dis- 
advantage of requiring a screen-voltage supply more 
stable than the plate voltage of the series tube, but the 
triode also: requires such a voltage for positive grid 
drive. In addition, since the cathode is connected in 
series with the output-voltage circuit, it is advantageous 
to employ indirectly heated cathodes to minimize the 


introduction of hum such as would result from a tube 


having a filamentary cathode. 


Considering these and other factors such as cost, 
size, and filament-power requirements, three 807 beam- 
power tubes were chosen for the series tubes and were 
connected in parallel. The screens in these tubes are 
supplied by a regulated voltage from a Type 874 
voltage-regulator Tube Vii (Fig. 5) connected to the 
positive output terminal. These tubes, having a com- 
bined plate dissipation rating of 75 watts, are required 
to dissipate 55 watts maximum. 


Stability 

With a three-stage, degeneratively connected feed- 
back circuit, there is the possibility that at some fre- 
quency progressive phase shifts due to circuit capaci- 
tance at the three stages in the circuit may add up to 
180 deg while the circuit gain is still greater than unity, 
causing regeneration and instability. This problem is 
not encountered in a two-stage circuit since for in- 
stability each stage must contribute exactly 90 deg of 
phase shift, at which point the gain is zero. 


This problem of stability in multistage-feedback 
amplifiers has been treated previously.? The solution 
used in this amplifier is the ‘‘step circuit’’ which re- 
duces the stage gain at some frequency outside the 
useful bandwidth by means of a capacitor (C9 in Fig. 5) 
shunting only a part of the plate-load resistance. At 
higher frequencies, the reactance of this capacitor be- 
comes small compared to the residual part of the plate- 


load resistance, so that the combination again has no 


phase shift. By properly designed step circuits in each 
stage, the circuit gain may be reduced to below unity 
in steps occurring at different frequencies without 
introducing enough phase shift at any point to cause 
oscillation. | 


To eliminate any tendency for the high-gain stages 
of the regulating circuit to support high-frequency 
parasitic oscillations, low-resistance damping resistors 
are connected in series with various tube elements and 
located as nearly as possible at the tube socket. To 
simplify the schematic diagram in Fig. 5, these have 
not: been shown. 


(@)‘‘Relations Between Attenuation and Phase in Feedback Amplifier 
Design,’ by H. W. Bode, Bell Sys. Tech. Jour., July, 1940, p. 421. 
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Bias-voltage Supply 

As described, the regulating circuit in Fig. 5 makes 
use of three gas-discharge tubes connected in shunt 
with the tube elements whose voltages they regulate. 
To this network must be supplied sufficient current for 
the requirements of the gas-discharge tubes as well as 
for the tube elements. 


One method of supplying current to these circuits is 
to connect a bleeder resistor from the negative side of 
the network to the negative-output terminal of the 
supply. This system would have the advantage of 
supplying a stabilized current to the reference-voltage 
Tube V8 (Fig. 5). However, to maintain the same cur- 
rent in the bias network as the output voltage is changed 
would require making this bleeder a variable resistor 
ganged with the output-voltage control. 


VOETS== Duc, 
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- Fig. 6. Series-tube plate-voltage characteristics 


A more practical scheme than the bleeder system for 
supplying current to the bias network is to incorporate 
a small separate power supply. This supply can readily 
provide current for the entire bias network, and its 
action is independent of output voltage. 


A drawback of such a system not employing a regu- 
lated source of voltage is that the current supplied to 
the voltage-reference Tube VS is not regulated, so that 
reference voltage changes of as much as one per cent 
might result from the maximum line-voltage variation. 
These changes will cause equal percentage variations in 
output voltage. To correct this difficulty, the gas- 


‘discharge Tube V10 was added to stabilize the current 


in the voltage-reference Tube V8. 


Output-voltage Control 

The value of voltage at the output terminals is easily 
controlled. Within its range of operation, the regulating 
circuit tends to maintain the value of the voltage ke, 
so that its difference from the reference voltage is the 
proper bias voltage for the first stage of the amplifier. 
Since this bias voltage, Ez=keg—Ls, Fig. 3, is small 
compared to Es, the value of keg is very nearly that of Es, . 


E;+ Ep 


so that the output voltage is very nearly E;/k. 


The value of Es is constant; therefore, the output 
voltage to be maintained by the regulating circuit may 
be controlled by changing the output-divider ratio k by 
means of a variable-resistance element in the output- 
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stage regulating circuit with the ganged input-output 
voltage control. A schematic circuit diagram of the 
supply is shown in Fig. 5. 


Direct-coupled Regulating Amplifier 

An important feature in the design of direct-coupled 
amplifiers is the means of biassing individual stages. 
To allow the plate of one stage to be directly connected 
to the grid of the following stage requires a set of 
descending d-c bias voltages whose intervals determine 
the operating plate voltage of each stage. To enable the 
amplifier to maintain nearly full gain at d-c, these 
sources of cathode bias for each stage must have a 
Lm p 
(usually in the order of 200 ohms) where 7» is the plate 
resistance and 1, is the load resistance of that stage. 
The most convenient meth- | 
od for obtaining these low- 
resistance bias points is the 
use of voltage-regulator 
tubes of the gas-discharge 
type. The internal resistance 
of these tubes is approxi- 
mately 200 ohms at d-c, so 
they do not introduce exces- 
sive cathode degeneration. 

In the circuit in Fig. 5 the 
cathode of the first-stage 
Tube V3 of the amplifier is 
biased negatively from the 
positive output terminal by 
means of the VR150 Tube 
V8.: The cathode of the 
second-stage Tube V4 of the 
regulating circuit is biassed 
negatively from the positive 
output terminal by means 
of “the: VR105. Bube = V9: 
This arrangement allows an operating plate voltage of 
approximately 42 volts for the first stage and 80 volts 
for the second stage. 


maximum resistance in the order of the factor 


UNREGULATED 
POWER SUPPLY 


These cathodes are biassed independently rather than 
by two VR tubes in series, even though such an 
arrangement would provide higher plate voltages, be- 
cause enough regenerative coupling would be intro- 
duced by the series connection to sustain an oscillation 
involving these two stages. 


A convenient source of regulated screen voltage for 
the second stage is the positive output terminal of the 
supply. To permit the second stage to drive the grids 
of the series tubes positive, if necessary, the plate 
resistance of this stage is made low and is returned to 
a source of voltage, Tube V11, more positive than the 
cathode of the series tube. 


Series-tube Stage 


The third stage of the regulating amplifier is the 
series-tube stage, containing Tubes V5, V6, and V7 
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(Fig. 5). The major portion of the design of this stage 
is concerned with the dissipation and voltage conditions 
encountered under the most severe conditions of line 
voltage, output voltage, and load. Since the normal 
plate voltage of this stage is maintained by the ganged 
voltage control at its optimum value for any output- 
voltage setting, the most severe condition is encoun- 
tered at the maximum output voltage, where the 
variations of the unregulated supply voltage due to 


maximum line voltage or load changes are the greatest. 


These relations are shown in Fig. 6. Here the plate 
voltage of the series tubes was chosen under the 
condition of minimum line voltage and maximum load, 
so that the series tubes would conduct the load current 
with a reasonable factor of safety. The unregulated 
supply voltage is then the output voltage plus this 
minimum value of series-tube plate voltage. The 
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Fig. 5. Schematic circuit diagram of the regulated power supply 


rated 19 per cent increase of line voltage will then 
produce a 19 per cent increase of this minimum un- 
regulated supply voltage, which must be absorbed by a 
corresponding increase of series-tube plate voltage. 
Maximum dissipation in the plate of the series tubes 
occurs at this point, as may be seen from an examina- 
tion of Fig. 6. | 

It is advantageous to make the minimum plate 
voltage of the series tubes as small as possible because 
this voltage greatly affects the plate-dissipation rating 
required. Increasing this minimum plate voltage from 
100 to 500 volts, as would be required by the use of a 
triode series tube, would more than double the 
series-tube plate-dissipation rating required for this 
supply. 

The maximum plate voltage of the series tubes is 
encountered with no load and with the line voltage at 
its maximum rated value; and here the maximum plate- 
voltage rating of the tube is determined by the load 
regulation of the unregulated power supply. 
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The type of tube used here has a large effect on the 
efficiency of the supply. If a pentode or beam-power 
tube is used, the minimum plate voltage at full load 
may be made quite small, keeping the required plate- 
dissipation rating to a minimum. On the other hand, 
most transmitting triodes require either fairly high 
plate voltage or comparatively high grid-driving power 
to conduct a high current. The pentode has the dis- 
advantage of requiring a screen-voltage supply more 
stable than the plate voltage of the series tube, but the 
triode also: requires such a voltage for positive grid 
drive. In addition, since the cathode is connected in 
series with the output-voltage circuit, it is advantageous 
to employ indirectly heated cathodes to minimize the 


introduction of hum such as would result from a tube 


having a filamentary cathode. 


Considering these and other factors such as cost, 
size, and filament-power requirements, three 807 beam- 
power tubes were chosen for the series tubes and were 
connected in parallel. The screens in these tubes are 
supplied by a regulated voltage from a Type 874 
voltage-regulator Tube Vii (Fig. 5) connected to the 
positive output terminal. These tubes, having a com- 
bined plate dissipation rating of 75 watts, are required 
to dissipate 55 watts maximum. 


Stability 

With a three-stage, degeneratively connected feed- 
back circuit, there is the possibility that at some fre- 
quency progressive phase shifts due to circuit capaci- 
tance at the three stages in the circuit may add up to 
180 deg while the circuit gain is still greater than unity, 
causing regeneration and instability. This problem is 
not encountered in a two-stage circuit since for in- 
stability each stage must contribute exactly 90 deg of 
phase shift, at which point the gain is zero. 


This problem of stability in multistage-feedback 
amplifiers has been treated previously.® The solution 
used in this amplifier is the ‘‘step circuit’? which re- 
duces the stage gain at some frequency outside the 
useful bandwidth by means of a capacitor (C9 in Fig. 5) 
shunting only a part of the plate-load resistance. At 
higher frequencies, the reactance of this capacitor be- 
comes small compared to the residual part of the plate- 


load resistance, so that the combination again has no 


phase shift. By properly designed step circuits in each 
stage, the circuit gain may be reduced to below unity 
in steps occurring at different frequencies without 
introducing enough phase shift at any point to cause 
oscillation. | 


To eliminate any tendency for the high-gain stages 
of the regulating circuit to support high-frequency 
parasitic oscillations, low-resistance damping resistors 
are connected in series with various tube elements and 
located as nearly as possible at the tube socket. To 
simplify the schematic diagram in Fig. 5, these have 
not been shown. 


(?)"Relations Between Attenuation and Phase in Feedback Amplifier 
Design,’ by H. W. Bode, Bell Sys. Tech. Jour., July, 1940, p. 421, 
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Bias-voltage Supply 

As described, the regulating circuit in Fig. 5 makes 
use of three gas-discharge tubes connected in shunt 
with the tube elements whose voltages they regulate. 
To this network must be supplied sufficient current for 
the requirements of the gas-discharge tubes as well as 
for the tube elements. 


One method of supplying current to these circuits is 
to connect a bleeder resistor from the negative side of 
the network to the negative-output terminal of the 
supply. This system would have the advantage of 
supplying a stabilized current to the reference-voltage 
Tube V8 (Fig. 5). However, to maintain the same cur- 
rent in the bias network as the output voltage is changed 
would require making this bleeder a variable resistor 
ganged with the output-voltage control. 
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Fig. 6. Series-tube plate-voltage characteristics 


A more practical scheme than the bleeder system for 
supplying current to the bias network is to incorporate 
a small separate power supply. This supply can readily 
provide current for the entire bias network, and its 
action is independent of output voltage. 


A drawback of such a system not employing a regu- 
lated source of voltage is that the current supplied to 
the voltage-reference Tube V6& is not regulated, so that 
reference voltage changes of as much as one per cent 
might result from the maximum line-voltage variation. 
These changes will cause equal percentage variations in 
output voltage. To correct this difficulty, the gas- 


‘discharge Tube V10 was added to stabilize the current 


in the voltage-reference Tube V8. 


Output-voltage Control 

The value of voltage at the output terminals is easily 
controlled. Within its range of operation, the regulating 
circuit tends to maintain the value of the voltage ke, 
so that its difference from the reference voltage is the 
proper bias voltage for the first stage of the amplifier. 
Since this bias voltage, Ez=keg—Ls, Fig. 3, is small 


compared to Es, the value of keg is very nearly that of Es, . 


E;+Es 


so that the output voltage is very nearly Es/k. 


The value of Es is constant; therefore, the output 
voltage to be maintained by the regulating circuit may 
be controlled by changing the output-divider ratio k by 
means of a variable-resistance element in the output- 
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voltage divider. It should be noted that this system 
controls output voltage by changing the plate-voltage 
drop é» of the series tube. 

The 160/1500-volt power supply uses both this type 
of output voltage control and an input voltage control 
so ganged as to maintain optimum plate voltage on the 
series tubes for any output voltage. The input-voltage 
control is a variable-ratio autotransformer 74 which 
supplies the primary winding of the main power trans- 
former 72 (Fig. 5). 

The output-voltage control (rg in Fig. 4) is arheostat 
mounted on the same shaft as the autotransformer. 
The unregulated supply voltage is 


eu = abe Emin 
where - 
€é. =unregulated supply voltage 
a =the fraction of the total rotation of the auto- 
transformer shaft 
Fy =the maximum value of the variable part of éu 


Emin =Cconstant minimum voltage needed for proper 
operating conditions at minimum output 
voltage | 


The output voltage is therefore 
€9 = abt (Emin — 0) 
where 


€éo = output voltage | 
ep» =plate-voltage drop across the series tube 


If the voltage is to maintain ep constant, the term in 
parenthesis is a constant, and the equation becomes 


€9 = ALy+ Eo min (1) 


where Fominis a constant representing the minimum 
output voltage of the regulated power supply. 

It has been shown that é is determined by the 
standard voltage Es, the output divider ratio k, and 
the bias voltage Ez of the first amplifier V3. 


The output voltage is then 


et Ep 
(Oo ate 


€0 


where 


FE; =standard voltage 
Ez=bias voltage of the first amplifier 


Ry 
= , the output-divider ratio. 
ret, P 
Then 
Es+Ez) 
ep ED (re+Ry) os) 
1 


The variable resistor rz is mounted on the same shaft 
as the variable-ratio autotransformer, so if the rheostat 
used has a linear winding, the resistance ro, like eu, will 
be composed of a fixed and variable term in the equation. 
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se Nee aRe+R min (3) 
where 


Rg =maximum value of rg 
Rmin = Minimum value of rg 


Substituting Equation (3) in Equation (2), 
) EsbEs 
OER 


1 


C0 (aRg+R;+Rmin) (4) 

Equation (1) represents the desired variation of 
regulated output voltage as a function of a, for constant 
series-tube plate voltage. Equation (4) represents the 
output voltage that will be maintained by the regulat- 
ing circuit, as a function of a and the various circuit 
constants. The form of these equations is identical, 
so that by correctly proportioning constants, both 
equations may be satisfied, thereby obtaining an out- 


put-voltage control that does maintain constant series- — 


tube plate voltage. 


Equating the variable terms from Equations (1) 
and (4) 


Esa) 
Ree eres 


(Reference Voltage+ Bias Voltage) (5) 


(Maximum Variation of Output Voltage) 


From Equation (5), it may be deduced that the 
variable resistance re must be capable of withstanding 
the voltage Av, which is equal to the total variation of 
output voltage, at its maximum value Ry. This is an 
important limitation since it is difficult to find a 
standard rheostat of the required resistance and watt- 
age ratings for voltages over 1000 volts. Of course it is 
possible to control the output voltage by varying R,, 
but here it is difficult to find a means of ganging R, to 
the autotransformer so as to maintain constant series- 
tube plate voltage without calling for a special taper 
in the rheostat winding. 

To solve for the remaining constants, constant terms 
are equated from Equations (1) and (4): 


(E;+ Ep) (Ry + Rin) 
il 
oan Rie 
=a 6 
Es+Epz is Ry (6) 


From Equation (6), if Rmin 18 made zero, then the 
minimum output voltage of the supply, Egmin, be- 
comes equal to (Es; +Ez,). To make the output voltage 
go below this minimum voltage requires that the 
negative end of the voltage divider (RK, and rg) be biassed 
negatively from the negative-output terminal. If this is 
done, the output. voltage can be reduced to zero. 


Output-voltage Stability 

The voltage reference for the power supply is the 
VR150 Tube V8 (Fig. 5) used to bias the cathode of the 
first stage of the regulating amplifier. The best perform- 
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ance of the regulating circuit would maintain an 
output-voltage stability equal to that of the VR150. 
For most applications this performance is adequate; 
however, for some special applications the voltage 


maintained by a VR tube, even if it is supplied a-care- 


fully stabilized current, does not have sufficient sta- 
bility. In these instances the circuit may be adapted to 
use a battery to supply the reference voltage by con- 
necting the output-voltage divider as shown in Fig. 7. 
The minimum output voltage of the supply under these 
conditions 1s increased by the voltage of the battery 
used. : 


REFERENCE 
VOLTAGE 


Fig. 7. Connections for use of battery as reference voltage 


Another limitation on the stability of the output 
voltage of the power supply is the contact potential of 
the cathode surface of the first stage of the regulating 
amplifier V3. This voltage and its variations appear 
effectively in series with the standard voltage. The 
maximum variation of filament voltage of this stage 
may cause a change of contact potential of as much as 
0.3 volts. This would change the effective reference 
voltage, and consequently the output voltage, by 0.2 
per cent. Tests made on this regulated power supply 
with several tubes indicate that 80 per cent of the 
variation of output voltage due to the maximum line- 
voltage change was the result of this contact-potential 
effect. Therefore, if greater stability is desired, it may 
be obtained by stabilizing the filament voltage of the 
6J5 Tube V3 (Fig. 5). The stability obtained in this way 
is suitable for most applications. 


Unregulated Power Supply 

The unregulated power supply consists of a full-wave 
rectifying circuit (V1 and V2 in Fig. 5) and a choke-input 
filter. The choke-input filter has been used instead of a 
condenser-input section because of its better regulation 
with respect to load currents and the lower peak- 
current demands on the rectifier tubes. To limit the 
load regulation of the power supply to an acceptable 
value, a bleeder resistor (R26) which draws 40 milli- 
amperes at the maximum output voltage is connected 
to the filter output. 

The high-vacuum type of rectifier tube has been used 
instead of the more compact mercury-vapor type be- 
cause of the objectionable radio interference generated 
by the latter. The unregulated power supply has been 
designed so that either the positive or negative output 
terminal of the regulated power supply may be grounded. 
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Ward Leonard’s 130 relay can be adapted to any. 
of a.wide variety of individual requirements merely : 
'.by the proper selection of certain interchangeable 
“parts. Use of one basic construction principle plus © 
quantity production of parts gives you a relay that | 
1s both better and more economical. Your option: 


includes a choice of one to four poles, 6 to 230 
volts D.C., 6 to 440 volts A.C., single or double 


«throw, normally open or closed, with or without 
~ blowout ‘coils, etc. Ward Leonard Electric Co., 


Mount Vernon, New York. Resistors . Rheostats 


- Relays . Control Devices. - 
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BASIC PROCEDURES IN MOTOR CONTROL 


Part II: D-c Shunt Motors and D-c Compound Motors 
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Y FAR the largest number of shunt motors drives where it is desired to obtain substantially con- 
used on industrial applications are general- stant speed over a wide range of loads. ha | 


purpose continuously rated motors, such as (3). No-load speed is definitely limited, which 


| 
| 
the one shown in Fig. 25. Mill-type intermittent-rated means that a completely unloaded shunt motor does | 
shunt motors are available for particularly heavy 464 run away. 


service, and their commutating limit and maximum | 
permissible torque are considerably higher than those 


STAB. 


of general-purpose motors. Likewise, large and special COMM. Fe 


$2 


motors are often designed to meet special specifications, 
and their characteristics may vary considerably from | 
those of average general-purpose motors. atNeenG | | 

However, for most control applications, sufficiently S rs | | 
accurate results may be obtained 1f motor performance 
is calculated under the assumption that the basic 
speed-torque curve is a straight line, at least up to 
normal load. 

For convenience in calculating motor performance, 
the no-load speed with full-field excitation rather than: ibReaKBown 
the full-load speed is called base speed or unity, and ak 
this is the basis on which speed is expressed in the 
following paragraphs; the subsequent curves apply to 
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shunt motor 


ly rated shunt motor. The shape of this curve indicates 


that the shunt motor differs from the series motor in 
the following respects: Effect of Stabilizing Winding. Many adjustable-speed 


motors and some constant-speed motors are built with 
a stabilizing winding to overcome the demagnetizing 


RATED 2 

" TORQUE 
general-purpose continuously rated motors. COMMUTATING 
| eee 
General Characteristics TORQUE 
| 
In. Fig. 26, the basic connections and a typical speed- Fig. 26. Basic connection and typical speed-torque | | 
torque curve are shown for a general-purpose continuous- Curve for a general purpose continuously rated | 


(1). Maximum permissible torque is considerably 
less than for the series motor, making the shunt motor 
less suitable for starting heavy loads. 


(2). Speed varies much less with load, so that the 
shunt motor is better suited for continuously running 


effect. of armature reaction. 
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for Fluorescent Lamp Capacitors 


The application of Vitamin Q dielectric to Sprague 
Fluorescent Lamp Ballast Capacitors has established new, 
higher standards of performance under all conditions of 
use. Standard 314, mfd. 330 volt capacitors in 2’’ round 
containers were tested competitively for 750 hours at 
575v. A-C at 85°C. in still air. Not one of the Sprague 
Capacitors failed. All competing units by three other 
, _. manufacturers failed within four hours. Write for 
_ | _. Sprague Technical Data Bulletin No. 3200. 


SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 


Although at basic speed and normal load this stabiliz- | 
ing field has little effect on motor performance, at high | 
speed and high loads it strengthens the effective flux 
appreciably, resulting in a drooping speed-torque \ 
characteristic of the motor over a wide range of load. 


Limitations. In Fig. 26, the commutating limit and 
maximum permissible torque of the shunt motor are 
indicated. The commutating limit is the amount of | 
torque the motor can deliver for one minute without | 
injurious sparking. The maximum permissible torque 
is the amount of torque which the motor is guaranteed 
to deliver instantaneously without injury to the | 
mechanical parts, the commutator, and the. brushes. 
This torque must not be exceeded when controller 
points are switched. The maximum breakdown torque 
the motor is able to develop electrically is still higher, 


THis article is so paged that, without mutilating other articles, it can be | 
Fig. 25. Typical general-purpose d-c shunt motor conveniently removed for separate filing by tearing out pages 41 to 46.—Ep | 
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Fig. 27. Operating characteristics of general-purpose adjustable-speed 
motors, showing constant-torque and constant-horsepower range 


the exact amount varying greatly with different motor 
designs. This breakdown torque is of theoretical interest 
only, because it cannot be utilized at the motor shaft 
because of commutation limitations. 


Motors of different lines deviate somewhat from 
the curve shown in Fig. 26 because of differences in 
mechanical and electrical design. For individual motors, 
the effect of the stabilizing field varies because the 
strength of the stabilizing field can be varied only by 
full turns. Therefore, the relative ampere-turns pro- 
duced by the stabilizing-field winding vary considerably 
for motors of the same line, causing variations in the 
droop of the speed-torque curve at high loads and in 
the amount of maximum breakdown torque. 


Constant-horsepower Motor. As long as a shunt motor is 
operated at full field, its torque is directly proportional 
to armature current, and the motor is capable of 
delivering constant torque. When an adjustable-speed 
motor operates with reduced field, the armature cur- 
rent produces a torque proportional to the reduced 
field strength. Because armature current limits the 
rating of the motor from the standpoint of heating, 
the maximum permissible armature current limits the 
torque which the motor is able to deliver. Since speed 
is inversely proportional to field strength, it follows 
that, at speeds above basic, the product of torque and 
speed which the motor is able to develop is constant. 


MOTOR A 
MOTOR B 


TORQUE 
LOAD TAKEN BY 
LOAD TAKEN By MOTOR A 
MOTOR B 


Fig. 28. Load division of two shunt motors operating in parallel 
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In other words, the motor operates as a constant- 
horsepower machine. The constant-torque and con- 
stant-horsepower range of operation is illustrated in 
Fig. 27. Commutating limit and maximum torque vary 
with speed in the same ratio as the running torque. 


Variable-torque Motor. In some motor designs, advant- 
age is taken of the better cooling obtained at higher 
speeds when determining the rating, and a somewhat 
higher horsepower rating is allowed at speeds above 
basic. Such motors are called variable-torque motors. 
Their torque above basic speed 1s somewhat higher 
than that shown in Fig. 27, but it falls short of being 
constant. 
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Fig. 29. Methods of reversing d-c shunt motors 


Parallel Operation 

Shunt motors do not lend themselves readily to 
parallel operation, as illustrated in Fig. 28. Here, two 
motors, having the same no-load speed but slightly 
different characteristics, are mechanically connected in 
parallel to the same load. Because a large variation in 
torque corresponds to a small variation in speed, the 
two motors take widely different shares of the load. 
Unless special steps are taken to properly equalize 
the load, shunt motors are not suitable for operating 
in parallel. 


Reversing 

A shunt motor can be reversed by either reversing 
its armature or its field, as indicated in Fig. 29. If the 
motor is equipped with a stabilizing winding, field 
reversing of the motor necessitates reversing of the 
stabilizing field as well as the shunt field. Furthermore, 
switching of the shunt field is likely to cause high 
switching-voltage surges and requires special precau- 
tions in the layout of the control. Because of its greater 
simplicity, armature reversing is used nearly exclusively 
on reversing controllers for shunt motors. 
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Field Switching 

Because of the high inductance in the shunt-field 
circuit, the field current does not instantaneously reach 
a steady-state value when the voltage is changed from 
one value to another, but follows an exponential curve 
governed by the time constant Ly/Ry in which the 
time required to build up the field strength to 0.95 
of its steady-state value is three times the time con- 
stant. This transient condition is illustrated in Fig.30(a)_, 


Oscillograph tests on field circuits of standard 250-v 
shunt motors have shown that voltages of 10,000 to 
20,000 volts may appear across the field terminals if 
the field is interrupted instantly. Such high voltages 
will of course lead to destruction of the field-coil 
insulation. | 

The time constant of the field becomes extremely 
important when control is considered for intermittent 
or adjustable-speed drives, where it is necessary to 


determine how fast the motor can possibly respond to 


a given control impulse. : 


High-voltage peaks across the field winding can b 
avoided if the field current is given an opportunity 
to decay gradually. This can be accomplished by con- 
necting a discharge resistor across the field winding. 
In Fig. 30(b), the field-winding voltage and field 
current are shown as a function of time, with a discharge 
resistance R» connected in parallel with the field. If 
current I; flows through the field at the instant the 
switch is opened, the instantaneous field current decays 
according to the formula 

‘f= Ty ¢ (Rt tRp)/L elt (29) 
where 


if =instantaneous field current in per unit 
Iy =steady-state field current in per unit 
Ry = field resistance in ohms 

Ry» = discharge resistance in ohms 

Ly =field inductance in henries 

¢ =time in seconds 


The instantaneous voltage v across the field, after 
opening of the switch, follows the function 


pre (Rp/Rp) Ve Ret Rp) /Lslt (30) 
where 


vy =instantaneous field voltage in per unit 
V =steady-state voltage in per unit 


The initial voltage peak at the instant of the opening 


of the switch is equal to the voltage originally applied 


to the field, multiplied by the ratio of discharge resist- 
ance to field resistance. In Fig. 30(b), the discharge 
resistance is assumed to be three times the field resist- 
ance. Thus, the initial voltage peak is three times the 
originally applied voltage across the field. By the use of 
such a discharge resistor, the voltage peak can be 
limited to a safe value. 

The formulas for the build-up and decay of field 
current and field voltage apply generally, and the 


June, 1947 


SHUNT 
+ = 
a eae 
SWITCH 
Le VOLTAGE AGROSS FIELD 
0.5+ | 
O 


TIME — t 


LoL INSTANT AT WHICH clELD CURRENT i 
o.5[. SWITCH CLOSES, t=O 
° TIME — t 


ENERGIZING SHUNT FIELD 
SHUNT 
FLO. 


PU.AMPERES PU. VOLTS 


F2 


VOLTAGE ACROSS FIELD 


RU. VOLTS 


TIME: == t 
IELD CURRENT 


PU. AMPERES 


DEENERGIZING SHUNT FIELD 


Fig. 30(a) and (b). Transient phenomena associated with a 
sudden change in the energy of the shunt-field circuit 


(a). Energizing (b). Deenergizing 


curves in Fig. 30 are plotted with the assumption that 
the inductance of the field is constant. This is not 
true in actual fact, because the permeability of the 
field core is not constant but varies as a function of 
field current. 7 

Oscillograph tests have shown that the field current 
during a switching operation does not follow an ex- 
ponential curve. Fig. 31 is a typical current build-up 
curve of a d-c field, as taken from an oscillogram. The 
shape of the curve indicates that the inductance of 
the field varies greatly with changing current. If the 
solution of a control problem makes it necessary to 
know definitely the time required for building up a 
field to at least approximately full strength, oscillo- 
graph tests should be taken to determine the actual 
rate of build-up of field current. From such oscillograms 
an equivalent inductance can be calculated which, 
if it were constant, would obtain a build-up to 0.95 
of ultimate field current in the same time as the actual 
build-up, which is three times the time constant Ly/Ry. 
Such an inductance can then be used with a fair degree 
of accuracy to calculate rise and decay of field current 
under varying circuit conditions. 
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PER UNIT INTERNAL RESISTANCE 


| din dege: 5272 alO 
HORSEPOWER 
Fig. 32. Internal resistance vs. horsepower for standard con- 
tinuously rated shunt motors. Arsa between upper and lower 
limits indicate variation for different motors 
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Armature Conirol 3 

With constant field excitation on the motor, speed 
variation is proportional to generated voltage or 
counter emf. Assuming the no-load speed to be base 
speed or unity, and expressing the voltage drop in 
per unit of applied voltage, the full-load speed is equal 
to unity minus the per unit armature drop. Thus the 
speed of a shunt motor can be varied by inserting 
resistance in series with the armature. At no load (zero 
torque and zero armature current), external resistance 
does not cause any additional voltage drop, and the 
no-load speed remains unity. At rated torque, the drop 
in per unit is numerically equal to the sum of internal 
and external armature resistance, expressed in per unit. 

As with series motors, base resistance is defined as 
the ratio of base voltage to base current. Base current, 
strictly speaking, should be defined as full-load arma- 
ture current. For the reason that the field current is 
only a small percentage of the full-load armature cur- 
rent, it 1s permissible to assume base current as being 
the rated full-load current of the motor as published in 
motor handbooks, which includes the field current. 

When calculating speed-torque curves and laying out 
resistors, it is important to know, at least approxi- 
mately, the internal armature resistance. In Fig. 32, in- 
ternal resistance in per unit is plotted vs. horsepower for 
- standard continuously rated shunt motors. The internal 
resistance of practical motors varies over a considerable 
range, and Fig. 32 gives an upper and lower limit. 

Fig. 33 indicates how the speed-torque curve for 
a given amount of resistance in the armature circuit 
can be determined. Plotting in per unit values internal 
resistance Ria and external resistance R,z on the base- 
torque line obtains points representing speed in per 
unit at base torque. Straight lines through these points 
and the base-speed zero-torque point is the curve of 
emf or speed vs. torque, in per unit, for no external 
resistance and with the addition of external resistance. 
Starting torque, in per unit, equals 1/(Rie+Ra), pro- 
vided Ra is large enough to reduce starting torque 
below maximum torque. Increasing the amount of R, 
decreases the speed at a given load. The reduction in 


For the sake of simplicity, the influence of armature 
reaction and the effect of the stabilizing field have been 
neglected, and it has been assumed that the stabilizing 
field compensates armature reaction within the load 
range under consideration. Consequently, it has been 
assumed that factor Kr is constant, because the shunt- 
field current remains constant. Because the stabilizing 
field in many cases does not fully compensate armature 
reaction, the motor speed at full load and at higher 
loads may be slightly higher than the preceding method 
of calculation would indicate. However, the error thus 
introduced is generally not of sufficient importance to 
warrant the complication of considering variations in 
Kr with armature current. 

Sometimes it is desired to reduce the no-load speed 
below its base value. This can be done by connecting 
resistance both in series and in parallél with the motor 
armature. 

Then, with zero armature current, F is less than V, 
which means that no-load speed is reduced below base 
speed. Such a connection is shown in Fig. 34. 

In Fig. 34 a graphical solution is given for determin- 
ing speed-torque curves for various amounts of series 
and parallel resistance.“ Internal resistance Ria in per 
unit is plotted on the base-torque line from the base- 
speed and the zero-speed points. From the points thus 
obtained, straight lines are drawn through the base- 
speed zero-torque point, and the zero-speed zero-torque 
point, respectively. From the zero-torque line, 1/Rp, is 
plotted to the left, where it intersects with the straight 
line drawn through the base-speed zero-torque line; 
1/Ra is plotted to the right, where it intersects the 


(>)‘“Shunted-armature Connection for a D-c Shunt Motor,” by G. F. 
Leland and L. T. Rader, AITEE Trans., Sept., 1944. 
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straight line drawn through the zero-speed zero-torque 
line. A straight line through these points of intersection 
is the speed-torque curve. The graphical solution can 
also be used to determine the amount of series and 
parallel resistance necessary to obtain a desired speed- 
torque characteristic. 


Speed-torque curves for the shunted-armature con- 
nection are not so steep as those for the straight series- 


resistance connection. A smaller speed change cor- 


responds to a given amount of torque change. With 
series resistance Ra held constant, the no-load speed 
decreases ‘as the amount of parallel resistance Ry» is 
decreased. Changes in R» have little influence on the 
starting torque, which is largely governed by Ra. With 
parallel resistance Ry» held constant, increasing Ra de- 
creases the no-load speed and the starting torque. 


Speeds below base speed are obtained in the negative 
torque Quadrant (2).* A considerable amount of brak- 
ing torque is developed by the motor when its armature 
is shunted, which can be utilized for slowing down the 
motor quickly. Also, if the load on the motor is over- 
hauling, it is possible to obtain speeds below basic 
speed. 


Dynamic Braking 

When the motor field is connected across the line, 
the armature short-circuited through a resistance, 
and the motor then driven by an overhauling load, 
it acts as a shunt generator feeding current into the 
resistance. This operating condition is the same as that 
shown in Fig. 14. Dynamic braking is used quite fre- 
quently to bring a motor to a quick stop. 


*From -Fig. 1, which appeared in Part I of the May 1947 issue. 
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Fig. 35. No-load speed vs. field current for a typical shunt motor 


Field Weakening 

Since the speed of a d-c motor is inversely propor- 
tional to the effective flux, the speed of a shunt motor 
can be increased by weakening its shunt-field current. 
This is done by inserting resistance in series with the . 
shunt field. For the reason that the design of the field 
structure of motors of various sizes and the saturation 
of different motor fields vary considerably, there is no 
general formula for determining the effective ’ field 
strength and the speed for partial field currents. Fig. 35 
gives the relation of no-load speed as a function of field 
current for a typical shunt motor. Speed is expressed 
in per unit of base speed, and field current is expressed 
in per unit of full field current. This field-current vs. 
speed curve applies to a specific motor, and is indica- 
tive of the general shape of the curves to be expected, 
but not sufficiently general to permit the use of the 
curve as a basis of calculating the performance of other 
shunt motors. 


To predict motor performance under weakened-field 
condition, it 1s necessary to obtain from the motor 
designer a curve giving no-load speed as a function of 
field current. With a given no-load speed, as deter- 
mined by the desired performance of the drive, the 
complete speed-torque curve of the motor can be 
determined as follows: Since torque varies directly 
and speed inversely with flux, base armature current 
produces a torque which, on a per unit basis, is inversely 
proportional to no-load speed. Assuming that the 
stabilizing winding fully neutralizes armature reaction, 
base current flowing through the armature causes an 
armature-voltage drop and a per-unit drop in speed 
between no load and full load which is the same as that 
under full-field condition. For instance, if no-load speed 
under weakened field conditions is twice base speed, the 
same drop in speed which would occur at full load with 
full field, occurs at one-half base torque. The speed- 
torque curve between no load and full load is a straight 
line, as armature current and armature drop are pro- 
portional to torque. Commutation limit and maximum 
permissible torque are inversely proportional to no-load 
speed. 

In Fig. 36 typical speed-torque curves are plotted 
for a four-to-one adjustable-speed shunt motor with 
field control. Speed is expressed in per unit of base 
speed, and torque is expressed in per unit of full-load 


Fig. 33. Method by which the speed-torque curve can be determined Fig. 34. Graphical solution for determining speed-torque curves for 
for a given amount of resistance in the armature circuit various amounts of series and parallel resistance in the armature circuit 
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comes poorer, and a given torque change causes a 
greater variation in speed than at lower speeds. The 
maximum breakdown torque of the motor is inversely 
proportional to no-load speed. A motor with a maxi- 
mum torque of 2.4 at full field develops only a maxti- 
mum torque of 0.6 at a no-load speed of 4. To obtain a 
reasonably high starting torque, controllers for adjust- 
able-speed shunt motors should make provision for 
starting the motor with full field. The foregoing state- 
ments are based on the assumption that armature re- 
action is fully compensated by the stabilizing field. 
Actual motor performance curves may deviate some- 
what from the ones shown in Fig. 36, because in many 
motors the design of the stabilizing field 1s a com- 


promise. 


If the field circuit of a shunt motor is interrupted so 
that no field current flows, the effective flux is not 
reduced to zero, but a small residual flux remains. 
With the armature circuit connected to the line and 
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Fig. 36. Typical speed-torque 
curves for an adjustable-speed 
shunt motor with field control 
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the motor driving a low-friction load, for instance a 
motor-generator set, the residual flux may enable the 
motor to develop sufficient torque to overcome the 
load torque, and the motor may attain a very high 
speed. Therefore, controllers for shunt motors which 
are likely to be lightly loaded or even overhauled 
should make provision to prevent energizing the 
armature circuit in case of loss of field current. 


Compound Motors 

Compound motors are equipped with both shunt and 
series fields. The shunt field supplies a flux which is 
substantially constant and independent of load, as in 
shunt motors. The series field supplies a flux which 
varies with load, as in series motors. Speed-torque 
characteristics are a cross between those of shunt and 
series motors, their shape depending on the relative 
amount of shunt and series field. 


Characteristics. In Fig. 37 typical speed-torque curves 
are plotted for compound motors. Curve A applies toa 
motor in which the series field is predominant. It 
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Basic connection and 
typical speed torque curves for 
compound motors 


closely resembles the curve for a series motor, except 
that the no-load speed is limited to a definite value. 
Motors with such a characteristic have the advantage 
of a high starting torque and the drooping speed 
characteristic associated with the series motor, and 
they can be used where the motor may be completely 
unloaded, without danger of a run-away. 

Curve B represents a motor in which, at full load, 
shunt and series fields are of equal strength. The curve 
is flatter than Curve A, but it still possesses an ap- 
preciable droop, and the motor develops a higher 
starting torque than the shunt motor, although less 
starting torque than a series motor. 

Curve C pertains to a motor in which the shunt 
field is predominant. The curve is slightly more droop- 
ing than that of a straight shunt motor, which makes 
the motor better suited for loads that change suddenly. 
This increased droop obtains better division of load 
if motors are operated in parallel. 
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Reversing. Compound motors are reversed by revers- 
ing either the armature, or both shunt and series fields. 
Armature reversing is preferred because control con- 
nections are simpler. If the shunt field can be opened 
by the controller, .a discharge path must be provided. 


_ Speed-torque Control. The speed-torque characteristics 

of compound motors can be varied by inserting resist- 
ance both in the shunt field and in the armature circuit. 
Thus speed control is possible by the same type of 
circuits as described for series and shunt motors. 
Speed-torque curves can be calculated by the same 
methods used for series motors. It is necessary to 
determine a curve for K,; as a function of field current 
from the motor-characteristic curves. Calculating field 
and armature currents and armature drop from the 
circuit constants yields &, and thus torque and speed 
can be obtained with the help of Kr. 


(To be continued) 
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—capital of New South Wales—and one of the largest cities in the Southern 


Hemisphere, is highly industrialised and its factories produce a wide variety 


of commercial and industrial goods. Other claims to fame are.the beauties of 


*BTH supplied turbo-generators for the Elec- 
tric Light and Power Corporation of Sydney; 
switchgear for the Bunnerong Power Station; 
rectifiers for railway electrification, etc. Mazda 
Lamps are used extensively for all forms of 
' lighting. 


its Harbour, Port Jackson; its Harbour 
Bridge with a single span of 1,650 feet, 
catrying a roadway, two footways, two 
railway tracks and two tram tracks; and 
its graving dock, newly completed, 
which takes the world’s greatest ships. 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
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Rocket-motor Test Station 


Front view of the rocket-motor test pit, in which static tests up to 500,000 hp are given 


A test station which will static test 
rocket-propulsion motors up to 50,000-lb 
thrust, equivalent to 500,000 hp, has been 
constructed near Schenectady as a part of 
the joint-civilian-military long-range 
rocket-research program. The test station, 
the first of its kind, has been in operation 
for over a year, and has contributed data 
for basic rocket-motor design and fuel 
development. 

Situated some distance from Schenec- 
tady, and about a mile from any habita- 


tion, the test station has three heavily 


constructed steel - reinforced concrete 
rocket-motor test pits. Each pit is set into 
the forward slope of a small hill, and earth 
is mounded around its sides. Three covered 
stairways lead down into the interior of the 
test pit which is divided into four rooms: 
the control room, motor room, and two 
reactant rooms. 

The operating stand to which the rocket 
motor is attached during test firings is on 
the forward wall of the motor room, with 
reactant and cooling water lines connected 
to the motor at this point. Bolted to the 
floor opposite the observation ports of the 
control room are mirrors which reflect the 
motor and its exhaust to the observers 
during the test run. A camera, operated 
from the control room, and attached to 
the wall above the observation ports in a 
totally enclosed steel and asbestos box, 
photographs the rocket exhaust. 


The oxygen tank of Pit No. 2 is being filled from 
the special oxygen buggy, prior to test firing 


One reactant room, directly forward of 
the motor room, contains a_ specially 
fabricated and calibrated tank which holds 
the oxygen propellant for the rocket 
motor. A second reactant room, parallel to 
the motor room, houses a smaller tank for 
the alcohol propellant. 

Within the pits, a high-pressure water 
system operates at 140 psi, either auto- 
matically or manually, by means of con- 
trols located in the control room. Drawing 
upon a 30,000-gal reserve with a pumping 
station, this system can be run by either 
electric or gasoline pumping motors. 

In the motor room, three different flood- 
ing systems can be used. An overhead 
sprinkler system has been installed near 
the roof, and high-pressure nozzles are 
trained from above directly on the motor- 
operating stand. Piping running around 
the three sides of the room can completely 
flood the floor. In each of the reactant 
rooms, high-pressure nozzles are directed 
down upon the reactant tanks. 


Weather Research 


A weather research program based 
upon technical advice and _ laboratory 
research of civilian scientists, and includ- 
ing full-scale experiments on the transfor- 
mation of clouds into snow or rain, will be 
conducted by the U.S. Army Signal Corps. 

In addition to developing equipment for 
cloud seeding, the Signal Corps is design- 
ing radar equipment for storm and hurri- 
cane detection, apparatus for detection of 
thunderstorms originating approximately 
1500 miles away, and other equipment used 
in upper atmospheric investigations. 


The army is to provide all the necessary | 


equipment, such as weather reconnais- 
sance planes equipped with the most up- 
to-date meteorological and photographic 


. instruments, including aerographs, radio 


sondes, radio direction-finding equipment, 
aerial reconnaissance cameras, and precise 
navigational and communications equip- 
ment. 
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Lightweight Plastics Boat 


A one-piece all-plastics boat believed to 
be the first of its kind ever molded com- 
pletely of synthetic materials has been 
produced. 

Molded of a glass-matt material and a 
plastics resin, the 9-ft dinghy weighs only 
80 lb and can be handled easily by one 
person. I'he boat can be molded in about 
two hours’ time. 

Because of the nature of the material, 
the boat requires practically no main- 
tenance. It can be stored without regard 
to climate and will not be attacked by 
either salt water or worms. 

The craft’s light weight will permit 
greater speed than is obtainable in similar 
craft. Because of its one-piece construc- 
tion which eliminates seams, the boat is 
leak-proof. 

Known as the Beetle PG-9, the new boat 
is reputed to have both tensile and impact 
strength greater than any similar boat of 


other materials, weight for weight. Its 


molded plastics seats and gunwale in- 


corporate a plastics foam which gives a: 


permanent buoyancy to the boat and 
easily permits accommodation for five 
persons. 

The unusual strength in the boat’s con- 
struction is gained by building up layers 
of glass fibres and a synthetic resin which 
are cured by steam heat and pressure. 

The PG-9 has exceptional maneuvera- 
bility and may be used wherever any small 
craft is desired. Outboard motors may be 
easily attached. 


Transmitter Research Aids 
Small Aircraft 


Improved communication and navi- 
gational equipment for the private flyer 
will be developed in the near future as the 
result of proposed transmitter research. 
The North American NAvion will be the 
type of airplane used to exhibit air com- 
munications and navigational aids for the 
smaller type of aircraft used by private 
owners. 

It is expected that the plane will be 
especially valuable to test the latest high- 
frequency radio and other equipment 
being developed by engineers. Installed in 


the plane at present are the flying radio- 


phone, a 12-lb radio for tower and broad- 
cast reception, and other accessories in 
aviation equipment, such as loop antennas. 

Part of the program now contemplated 
for the new plane calls for its use in con- 
nection with mobile communication trailer 
units. In this way, two-way communication 
can be maintained between a trailer on the 
ground and the NAvion in the air to 
thoroughly flight-test the new electronic 
devices. 
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Inert-gas-filled Motors 


Two special 300-hp 240-rpm inert-gas- 
filled synchronous motors now being built 
for use in an inflammable atmosphere 
incorporate all necessary features into a 
single enclosure that has built-in coolers 
and a sealed chamber filled with a non- 
combustible gas. The gas is under pressure 
sufficient to cause any leakage to be out- 
ward and no air or inflammable gas will 
get into the motor. 

The inert gas follows unrestricted flow 
lines in the cooler, which is located over 
the motor, to give efficient heat transfer. 
The cooler can be removed for inspection 
or maintenance. 

Resistance temperature-detectors are 
imbedded in the stator windings. ‘They are 
used with a temperature relay to remove 
the motor from the line if the temperature 
of the stator windings becomes excessive 
for any reason. 


Electronic Beacon to Guide 


Ships 


The electron beacon, an aid to the lighthouse 
keeper in providing for safety of ships at sea, 
is shown here with the transmitter cover re- 
moved for internal inspection 


A small radar unit has been designed to 
emit lighthouse signals for the orientation 
of radar-equipped ships. | 

Called an electron beacon, the unit was 
built for the United States Coast Guard 
and will be tested at special demonstra- 
tions of merchant marine navigational 
aids at New London (Conn). It was 
designed to assist lighthouses during 
periods of fog, rain, snow, and sleet by 
sending out a continuous radar beam. 

Application of the experimental unit is 
also expected to aid radar navigation, 
especially on coast lines where the surfaces 
are flat and give a poor radar reflection on 
the screen of existing receiving equipment. 
Several of these units in lighthouses on the 
coast would also give the navigator a trian- 
gular fix, or an accurate position indicator. 

Consisting of two main units—the 
transmitter and antenna—this radar unit 
is powered by a single lighthouse tube. 
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Sodium Lamp Life‘ 

Sodium lamp life ratings of 4000 hr 
for intermittent burning and 8000 hr for 
constant burning, have doubled the life 
ratings specified when the sodium lamp 
was first introduced. Sodium lamps, which 
emit an amber light, can now be expected 
to give approximately nine months to one 
year’s service. This is an increase of one 
third over the previous 3000-hr burning 
rate, and results in a saving in the cost and 
servicing of sodium installations. 

The sodium Jamp is now serving as a 
most effective illuminant for highways, 
street and highway danger points, land- 
marks, and tunnels. 


Electron Tube Produces 
Radio Heating Waves 


High-power radio waves, able to cause 
immediate heating of the unshielded body 
of a person standing near the transmitter, 
have been produced with a new electron 
tube. Many industrial applications of these 
microwaves, such as the heating of plastics 
and other materials normally classed as 
insulators, are foreseen. Heating frozen 
foods, and possibly electronic cooking, 
are other possibilities. 

This high-power tube is of the magne- 
tron type, in which the flow of electrons 
through the tube is controlled by a mag- 
netic field. Previous equipment for heat- 
ing insulating materials by radio waves 
has been limited to that using waves 
longer than about 24 ft. Even though 
shorter wavelengths produce more rapid 
heating, when the waves become about 
the size of the object to be heated, the 


A camera with a speed of one-millionth 
of a second has been developed and pro- 
duces a finished photographic projection 
within 30 sec after the picture is taken. 

The camera is part of equipment de- 
veloped for the rapid testing, by means of 
electric-power surges, of apparatus used in 
the generation and transmission of electric 
power. Such tests are made to determine 
insulation characteristics of new designs, 
and to assure that equipment under pro- 
duction meets performance specifications. 

Used in combination with a cathode- 
ray oscillograph, the camera photographs 
a visual indication which appears on the 
oscillograph screen when a surge of high 
voltage is applied to the equipment under 
test. Since the total duration of the re- 
corded voltage wave may be as short as 
one-millionth to a few hundred-millionths 
of a second, the camera speed must be 
exceptionally high. 

As soon as the photograph is taken, the 
operator pushes a button which sets into 
action the automatic developing equip- 
ment built into the camera. The develop- 
ment cycle is finished in 24 sec, and the film 
is then moved into another compartment 
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Rubber Expansion Joint 


Work is nearing completion at the Passaic (N. J.) 
plant of United States Rubber Comfazy on one 
of the largest rubber exfansion joints ever made. 
The joint is twelve and one-half feet long and 
more than seven feet wide. It will be used to con- 
vey steam from a turbine to condenser in a New 
Orleans (La.), power plant. The flexible connector 
is built to withstand vibration and extreme tem- 
perature changes. 


heating is not uniform. Since many of the 
objects so heated are only a few inches in 
length, it was necessary to develop equip- 
ment to produce radiations of wavelength 
somewhat longer than this—that is, about 
one foot. These waves, slightly over eleven 
inches long, vibrate 1,050,000,000 times 
each second, and are produced at a power 
of five kilowatts. 


One Millionth of a Second Is Speed of New Camera 


in which a projector reproduces the nega- 
tive, enlarged about ten times, on a ground- 
glass screen at one side of the camera. 
This picture gives the operator an accurate 
record of the performance of the equipment 
during the application of the surge. 

It is estimated that, with this new equip- 

ent, insulation testing of electric appara- 
tus will be speeded up as much as ten times. 


Having a speed of a millionth of a second, the high- 
speed camera illustrated here is part of the equip- 
ment employed in the surge testing of apparatus used 
in the generation and transmission of electric power. 


NOW...New Typesof = 
_ ELKONITE* CONTACTS 
for Light Duty Applications Like This 


OR quite a number of years now 

Elkonite has been the standard contact 
material for heavy-duty circuit interrupting 
equipment. A Mallory-developed material, 
Elkonite has been famous for its hardness 
and electrical conductivity—for its re- 
sistance to sticking, to erosion by arcing, 
to mechanical wear and impact. 


Now this same material—fabricated dif- 
ferently and somewhat changed in com- 
position—is available for applications in 
the light duty field: applications like small 
relays, mechanical breakers, thermal break- 
ers and similar equipment where silver 
alloys have heretofore been used. 


It has an advantage over silver in that it is 
less subject to sticking and has a higher 


* Reg. U.S. Pat. OF. 
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hardness. It is superior to most non-silver 
alloys in its improved finished and uniform 
contour, which requires no machining. 
And it is lower in cost than standard 
Klkonite—available in smaller sizes, too. 


‘On the other hand, it will not resist ex- 


tremely heavy arcing, as standard 
Elkonite will. 


If you need a contact material where the 
maximum physical properties of true 
Elkonite are not required, yet where silver 
does not meet the specifications, here is 
something to investigate. These new grades 
of Elkonite are available in standard rivets 
and projection welding blanks—or can 
be used in special contacts made to your 
order. Write for more information. 
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The only volume of its kind in 
the world, this Mallory Contact 
Data Book contains everything 
you want to know about contact 
design, construction, applica- 
tion and materials. Free to 
engineers who write on company 


letterhead. $2.50 to others. 
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—TEW PRODUCTS: Coes 


Shaft Control 


Any one of a selection of popular shafts 
may be permanently and firmly attached 
to controls in the recently announced 
Ad-A-Shaft Series AM (Standard) or AT 
(Tapped) control. The shaft is simply 
inserted in the slot of the selected control 
and given a sharp blow, whereupon it 
snaps into place for a permanent job. 

These shaft controls come packed in 


tiny cartons about a quarter the size of 


those used for the usual riveted-shaft 
controls, which means a saving in shelf 


or storage space. Since any control se- 
lected for the electrical characteristics 
can be used also with any shaft selected 
for mechanical characteristics, a mini- 
mum stock handles maximum require- 
ments.._Clarostat: Mie Co. Inc..." 130 
Clinton -St., Brooklyn, (N.Y. 


Spot Welder 


An improved line of 30-, 50-, and 75- 
kva pedestal-type spot-welding machines 
has been introduced. The frame construc- 
tion in these machines compares favorably 
with that of heavy-duty machines. By 
concentrating the ‘‘beef’’ in the frame at 
the front of the machine—where rigidity 
is needed—it has been possible to use a 


light sheet-metal construction for the 


rear of the machine. 

Removable sheet-metal panels and a 
full-length door on the left side supply 
accessibility to all units contained in the 
machine, including transformer, heat 
controls, water piping, etc. 


The machines are designed to provide 
both adaptability for job-welding runs 
and high output rates. To facilitate spot 
welding, knees are quickly adjustable; 
maximum stroke is high; and different 
types of interchangeable electrode holders 
are available.—Progressive Welder Co., 
8050 E. Outer Drive, Detroit, Mich. 
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Carbon Ring 


Announcement has been made of the 
new DMC and DPC high-speed carbon- 
ring oil seals for applications where oil 
lubrication is at a minimum, where the 
seal runs in a liquid other than grease or 
oil, or where the ‘shaft speed: is .greater 
than that satisfactorily served by a 
bronze ring although a good supply of oil 
is available. : 

These carbon rings have a low co- 
efficient of friction and self-lubricating 
qualities; the material is heat resistant, 
not subject to warping, chemically inert, 
and corrosion resistant. The assembly 
seals against leakage of liquids or gases 
under pressure or vacuum by means of a 
radial seal joint made by positive contact 
between a stationary lapped-seal surface 
built into the seal unit and a rotating 
lapped-seal surface.—Gits Bros. Mfg. 
Co., 1846 South Kilbourn Ave., Chicago, 
Illinots. 


Hole-punching Unit 


A heavy-duty Type CJ hole-punching 
unit designed to pierce mild steel up to 
Yin. thick has been announced. Equipped 
with a pedestal die that permits the 
punching of angles and channels as well 
as flat sheets, each unit consists of a 
holder that carries the punch, die, and 
stripping mechanism. This design elimi- 
nates the necessity of attaching punch to 
press ram and assures permanent align- 
ment of punch and die. 

Setups are made on T-slotted plates 
or templates for stamping presses and 
press brakes. The press ram requires 
only one adjustment, regardless of how 
many hole-punching patterns are placed 
in Operation, because of the uniform shut 
height of these units.—Wales-Strippit 
Corp., 845 Payne Ave., No. Tonawanda, 
NERY’, 


Switch 


The newly introduced Rota-Swing 
safety switch offers protection to opera- 
tors because the act of opening the door 
to reach the fuses automatically opens 
the circuit. The exposed parts can then 
carry no current. 

A sturdy rotating handle moves the 
blades to Orr or ON position. Steel guides 
hold the blades in alignment. Suitable for 
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heavy-duty power-and-light applications, 
the switch can be furnished in various 
sizes and capacities for switchboards or 
panels.—Pelham Electric Mfg. Corp., 


Brive Pa. 


Abrasive Sticks 


Newly developed flexible abrasive 
sticks, made of .carefully graded and 
selected abrasive grains bonded. in high- 
quality rubber, are tough, pliable, and 
long wearing. They do not load or glaze 
and may be used dry or with water. 


Available in three grades in a wide variety 
of sizes and shapes, the abrasive sticks 
are used for ali kinds of light grinding, 
cleaning, deburring, rust removal, sharp- 
ening, honing, polishing, etc. Another 
feature is the ease with which these sticks 
can be cut and shaped for countless jobs 
such as finishing contours, grooves, beads, 
and all irregular or hard-to-get-at places. 
— Sandusky Abrasive Wheel Co., 676 W. 
Ransom St, Kalamazoo, Michigan. 


Relays 


A complete line of single-pole double- 
throw current-sensitive d-c relays has 
been announced. The relays are designed 
for electronic applications where switch- 
ing must be performed by amounts of 
power as small as 10 milliwatts. 

Input ratings for the eight types of 
relays in this line range from 10 to 180 
milliwatts, 0.47 to 1470 milliamperes, 


and 0.07 to 67,000 ohms. A relay of 
minimum size and weight can be selected 
for any of these coil power inputs. Con- 
tact voltage ratings range from 12 to 
110 volts, a-c or d-c. At 24 volts d-c, 
the contacts will handle 2 amp nonin- 
ductive, or 0.5 amp inductive. The relays 
are built to withstand shock and vibra- 
tion, and can be provided with solder-lug 
or plug-in terminals. All forms except the 


150-milliwatt size have metal covers.— 


Control Division, General Electric Co., 
Schenectady 5, N. Y. 
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NEW PRODUCTS (Continued) 


Capacitors 


To meet the requirements of television- 
equipment manufacturers for compact, 
inexpensive, high-voltage capacitors, a 
new Type TMC series has been intro- 
duced. Although compact in size and 
moderate in cost, these capacitors are 
sturdily built to exacting standards. 
Housed in tubular hermetically sealed 
containers of seamless drawn-metal tub- 
ing, the capacitors are impregnated and 
filled with Dykanol, a dielectric liquid 
which provides long life at high ambient 


temperatures. The capacitors are self- 
supporting because one lead is brought 
out from each end. Available capacities 
range from 0.005 to 0.05 mfd, with voltage 
ratings from 2000 to 5000 volts d-c.— 


Cornell-Dubtlier Electric Cord., South 
Plainfield, N. J. 
Hygrometer 


A laboratory hygrometer, Model HGS- 
HY-1, for fast and accurate measurement 
of relative humidity has recently been 
announced. This hygrometer is designed 
around the newly developed Serdex 
humidity-sensitive element which is cap- 
able of a high degree of repeatability 
and a low lag of 3.25 sec. The instrument 
is capable of an accuracy of 2 per cent 
RH with ambient temperatures as high 
as 185 F. It weighs 11 oz and is 4 in. by 
4.5 in. by 3 in. in size. 


This hygrometer is particularly well 
suited to measure relative humidity in 
mills or factories where considerable 
accuracy and sensitivity are required. 
None of the conditioning difficulties 
inherent in the use of psychrometers are 
encountered in the use of this hygrometer, 
and the services of a trained technician 
are not required. The instrument fills a 
need in such fields as meteorology, cloth- 
ing and equipment design, warehousing, 


mine ventilation, agriculture, industrial 
process control, food processing, refrig- 
eration and air conditioning, electrical 
equipment design, and textile operations. 
—Serdex, Inc., 91 Cambridge St., Boston 
14, Mass. 
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Terminal Lug 


Designed to meet’the special require- 

ents of manufacturers of small radios, 
hearing aids, microphones, meters, and 
test equipment, a new terminal lug called 
the Mint-Lug has been placed on the 
market. Made of silver-plated brass, 
this miniature lug has a -in. base 
diameter and projects # in. above the 


mounting board. For the purpose of size 
comparison, the illustrated lug is shown 
together with an ordinary match stick. 
Chief uses of the lug are for wiring 
miniature carbon resistors and ceramic 
capacitors in extremely small units.— 
Cambridge Thermionic Corp., Dept. 8 
445 Concord Ave., Cambridge, Mass. 
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Fuse Cutouts 


An advanced design of open-type fuse 
cutouts, with drop-out fuseholder, for use 
on distribution circuits of 15,000 volts or 
less, has been announced. By having the 
mounting hardware and live parts on 
opposite sides of the solid porcelain insu- 
lator, the new design provides overcurrent 
protection throughout the full range of 


fault currents up to the rated 2000-amp 
interrupting capacity, and minimizes un- 
necessary Outages caused by birds and 
animals. 

Available in three voltage ratings of 
5000, 7500/12500 gr Y, and 15,000 volts, 
and a current rating of 100 amp, these 
cutouts can be fused with either conven- 
tional or Hi-surge fuse links. Mounting 
hangers provide for vertical, angle-tilted, 
and swivel positions of the cutout, and 
for combination crossarm mounting of 
the cutout with standard distribution 
lightning arresters.—Transformer Divi- 
ston, General Electric Company, Schenec- 
tady.6, NuoVe 
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Sound Projector 


A new 16-mm sound-film projector, 
featuring a Rock-Still intermittent mech- 
anism, has been released. The intermit- 
tent, which is immersed in oil, runs 
silently and prevents most film wear and 
avoids torn sprocket holes. Special devel- 
opment of the cooling system permits the 
instrument to be used with a 1250-watt 
lamp, without burning the film. The illu- 
mination provided by this lamp enlarges 
the usual screen area. Designed for use 
from either 117-volt a-c or d-c source, the 
projector features a 2-in. f:1.6 coated lens. 


The audio amplifier associated with 


the projector has a six-tube circuit, and 
the response curve is substantially flat 
within % db from 30 through 9000 
cycles. A 15-watt 12-in. permanent- 
magnet loudspeaker is standard equip- 
ment. No external a-c power source is 
required for the loudspeaker which is 
connected to the amplifier through two 
low-impedance pick-up lines.—Kolograph 
Corp., 223 West Maryland St., Indian- 
apolis, Indiana. 


Meters 


A new’ design of instrument-dial 
illumination, applicable to all 2%-in. 
and 3%-in. round and square Marion 
instruments, the 414-in. rectangular 
instrument, and Model 52S tuning meter, 
utilizes a transparent lucite cavity which 
seals the opening against dust, while at 
the same time controlling the size of the 
lamps and safeguarding the movement. 

The design assures even and brilliant 
illumination across the dial, utilizing a 
specially developed alnico magnet whose 
front face is shaped somewhat like a 
flashlight reflector and which concentrates 
the rays on the dial. The warp-free per- 
manent white translucent dial is thus 
illuminated with a brilliance that enables 
the observer to see the dial without 
glare.— Marion Electrical Instrument Co., 
Manchester, N. H. 


Insulation Tester 


A Megger insulation tester that can be 
“plugged in’ instead of being hand 
cranked has been developed. This recti- 
fier-operated instrument is especially 
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useful where a large number of tests are 
to be made at one time, and also where 
an individual test is continued for many 
minutes. The latter includes dielectric 
absorption tests where careful observa- 
tions of insulation resistance are made 
over a period of ten or more minutes. 


The tester is equipped with a power 
pack consisting of a constant-potential 
step-up transformer and a selenium recti- 
fier, which gives a constant d-c test 
voltage. The ohmmeter covers a wide 
range and is independent of the applied 
voltage. The testers are available in 
ratings up to 2000 megohms and 1000 
volts.—James G. Biddle Co., 1816 Arch 
St., Philadelphia 7, Pa. 


Drawing Press 


Announcement has been made of a 
new line of toggle presses for triple-action 
drawing of large automobile stampings in 
a wide range of capacities and in any 


widths desired. These presses have four- 
point suspension on both the upper slides 
which are accurately timed and me- 
chanically locked with a crank-driven 
plunger in the press bed. 


The location of the driving mechanism 
(motor, drive shaft, and intermediate 
gearing) below the bed permits a con- 
siderable reduction in the machine’s 
height above the floor, lowering the center 
of gravity. The main gears, mounted on 
the outer ends of the crankshafts, have 
hubs on each side which are the eccen- 
trics, driving the upper plunger and 
blankholder mechanisms. Each corner of 
the blankholder can be power-adjusted 
independently or synchronized with the 
other three corners.—E. W. Bliss Com- 
pany, Detroit, Mich. 
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Timing Motor 


A reversible variable-speed timing 
motor that operates on d-c is now being 
offered for commercial use. Developed 
for use during the war, the motor in- 


corporates a number of features that 


insure dependable, accurate performance 
in continuous operation. The _ rotor, 
which has a _ seven-coil low-resistance 
winding and seven segments in the com- 
mutator, is made entirely of nonmag- 
netic materials. 

Economical to operate because of its 
low current consumption, this motor can 
be operated from a small amplifier tube 
or flashlight battery for remote electronic 
control. Brushes are long-wearing, with 
an approximate life expectancy of 5000 
hr.—The A. W. Haydon Co., 111 West 
Main St., Waterbury 32, Conn. 


Portable Welder 


Q _.. “S 


A new self-powered P & H Model 
WN-200 arc welder, designed for shop, 
yard, and field service, is now offered to 
industry. Available as a stationary or 
trailer unit, the welder is a NEMA rated 
machine of 200 amp, but has a welding 
service range of from 380 to 260 amp. 
Both types have engine and _ welder 
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up limited areas, replating after cutting operations, maintenance of plated 
coatings, etc. Coatings meet or exceed commercial plating specifications. 


RAPID ELECTROPLATING PROCESS, INC. 
1414 S. Wabash Ave., Chicago 5, Illinois 
237 Rialto Bldg., San Francisco 5, Cal. 


securely mounted on an all-welded frame 
of sturdy steel tubing and heavy angleiron. 

Carried on a running gear of standard 
track width, the trailer welder has 
standard-size pneumatic tires as regular 
equipment. Running reflectors are at- 
tached to the trailer body for safety on 
the highway. There is an adjustable 
front-end supporting stand for use when 
the welder is standing alone. A ball-and- 
socket hitch as well as safety chains are 
provided.—Harnischfeger Corp., Mul- 
waukee, Wisconsin. 


Boring Tools 


Five styles of carbide-tipped boring 
tools have been added to a standard stock 
line of round-shank square-end tools. 
The styles consist of two types of round- 
shank tools for 30- and 45-deg boring 


bars, in four sizes each; and three types 
of square-shank tools for use in 30-, 45-, 
and 90-deg boring bars, in six sizes each. 
These tools have a primary clearance of 
seven degrees and a secondary clearance 
of ten degrees. All types and sizes are 
finish-ground with a nose radius. 
Diameters of the round-shank tools 
range from 3% to 4% in. which are avail- 
able with tips of two grades of cemented 
carbide: Grade 883 and Grade 831, the 
latter for precision boring of steel, and 
Grade 883 for boring of cast-iron non- 
ferrous and nonmetallic materials.— 
Carboloy Co., Inc., Detrott, Mich. 


Glass Cleaner 


The development of C-All, a glass- 
cleaning antifogging agent for use on 
glass surfaces subject to fog formation, 
has been announced. 

This product cleans the glass surface 
and deposits an invisible film on the 
surface that acts to prevent fog formation 
for a relatively long time. 


(Continued on next page) 


PORTABLE 


SILVER 
PLATING 


EQUIPMENT 
($12 and up) 


For applying light or heavy 
silver coatings on specific 
areas—fast and economical. 
Also other metals for building 


621 Graybar Bldg., N. Y. 17, N.Y. 
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Suggested uses for this cleaner are: 
auto windshields; home windows; mirrors; 
windows on trains, buses, street cars, and 
airplanes; eye glasses and camera lenses; 
and scientific instruments.—Engineering 
Associates, Inc., St. Charles, Illinois. 


Conductor 


A new type of water-cooled flexible 
conductor for transmission of high-power 
high-frequency current has been an- 
nounced. Construction of the conductor 
consists of a brass water-tight convoluted 
innercore with an outer braid conductor. 


A specially compounded high-frequency 
flexible insulation, having good dielectric 
properties, chemical inertness, and: water 
resistance, is extruded over the outer 
braid. The conductor is water-cooled for 
minimum losses at high power, and its 
flexibility permits freedom of motion 
between components.—Titeflex, Inc., 500 
Frelinghuysen Ave., Newark 5, N. J. 


Appliance Tester 


Known as Model 390, this electrical 
appliance tester gives volt, ampere, and 
wattage readings in one compact instru- 
ment. Because of its small size—it can 
easily be held in one hand—the maximum 
portability for the instrument is claimed. 


This tester is furnished with a break-in 
plug which has four color-coded leads. 
These are first attached to the instru- 
ment, the plug is then placed in an 
electrical outlet, and the appliance to be 
tested is plugged into the tester. Voltage 
readings will register immediately; for 
wattage or ampere readings, it is neces- 
sary only to depress one of two buttons 
at the bottom of the instrument panel.— 
Simpson Electric Co., 5200-18 W. Kinzie 
St., Chicago 44, Illinois. 


Coupling 


Roylyn all brass and bronze couplings, 
especially adapted for use in the opera- 
tion of induction-heating equipment, are 
now available to manufacturers and users 
of high and low-frequency furnaces. The 
coupling provides a quick change for coil 
and transformer set-ups; a quarter-turn 
of the coupling collar connects or dis- 
connects without the use of tools. 

The couplings are attached to the 
power-tube source and to the coil-support 
brackets at the point of operation. Nipples 
to fit the couplings are brazed or other- 
wise attached to the transformers and to 
the various coils. When the equipment is 
being set up, the permanent power-source 
line is coupled to the needed transformer 
nipple, and the coil-support brackets are 
coupled to the desired coil.— Rovylyn, Inc., 
718 West Wilson Ave., Glendale 3, Cali- 
fornia. 


Sound Console 


Designed to afford factories, plants, 
and large offices with complete voice- 
paging facilities, as well as music at work, 
a new multipurpose console, Model P-20, 
contains in a single cabinet of selected 
mahogany veneer all the central control 


elements needed in a sound system re- 
quiring up to 50 watts. Power output 
can be substantially increased by adding 
any number of 5-watt district amplifiers. 
By means cf the system’s one-button- 
control feature, a voice message can be 
given out at any microphone location. 
All other microphone contro! stations are 
automatically given notice by a busy- 
signal lamp. Any musical program can be 
automatically interrupted for the duration 
of the paging message.—Executone, Inc., 
415 Lexington Ave., New York 17, N. Y. 


Washers 


A line of Nylon faucet washers has 
recently been expanded to include six 
faucet sizes and two special sizes for lawn 
sprinklers. 


The principal features of these Nylon 
washers are their resistance to abrasion 
and freedom from odor and taste, low- 
moisture absorption, good thermal 
characteristics, low coefficient of friction, 
and resistance to chemicals and changes 
in temperature.—Atlaniic Plastics, Inc., 
182-31 Fortieth Rd, Flushing, N. Y. 


Speed Changers 


Metron miniature speed changers are 
now available for instruments, controls, 
experimental work, models, hobbies, etc., 
wherever it is desired to increase or de- 
crease the speed of small power devices. 
With an over-all length of 234 in. and a 
body diameter of 1;% in., these speed 
changers are useful where limited power 
transmission in a small space is important. 
They are available in numerous gear 
ratios, and power may be transmitted in 
either direction. 

speeds as high as 20,000 rpm and 
torques as much as 2 lb-in. are permissible 
for some applications. Spur-gear construc- 
tion is used, and all gears are hardened 


for long life. The two concentric drive 
shafts are mounted in permanently lubri- 
cated ball bearings. The intermediate 
gears are so mounted in graphitic plastic 
bearings that lubrication is required only 
at high loads.— Metron Instrument Co., 
432 Lincoln St. Denver 9, Colo. 


Incorporated 


Everett 


Manufacturers of 
Ash Barrels 
Kitchen Waste Cans 


CAPACITOR CASES 


both Fabricated and Deep Drawn 


FIVE GALLON 
Open and Closed Top Shipping Containers 


METAL STAMPINGS 


SPECIAL SHEET METAL 
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SEXTON Can COMPANY 


Underground Garbage Receivers 
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GENERAL ELECTRIC REVIEW 


BETTER REFERENCE FOR YOU WITH A 


BOUND VOLUME 


Just send us your single copies of 1946 and we will 
send you a complete volume, with index, bound in black 
half-morocco genuine leather, with cloth sides, and 
gold-stamped backbone. 

A complete file for constant reference in a beautiful, 
durable binding for only $4.50 postpaid. To points 
outside the U.S.A., $1.00 postage. 


GENERAL ELECTRIC REVIEW 
Schenectady 5, N. Y. | | 
SLE RAE ATT te a AL ELLE I TS TE a EN LE ERA 


June, 1947 


TRADE LITERATURE 


Electric Arc Welding—Stud welding in 
the installation of wiring conduit, outlet . 


boxes, and other electric equipment in 
steel-frame structures is described in this 
new brochure. Profusely illustrated, the 
booklet explains the operating principle 
of the Nelson stud-welding process, lists 
specifications for the studs and includes 
tables of their physical properties. Typical 
applications are given. Thirty-six pages. 
Catalog 47A.— Nelson Sales Corporation, 
Lorain, Ohio. 


Electronic Controls—This condensed 
catalog describes the types of measuring 
and control systems, with an explana- 
tion of the control principles. Millivolt, 
thermometer, and potentiometer con- 
trollers are some of the types described. 
Well illustrated with photographs and 
dimensional drawings. Eighteen pages. 
Bulletin No. 3-6400.—Wheelco Instru- 
ments Company, 847 W. Harrison Street, 
Chicago 7, Ill. 


Feed-water Control—This bulletin de- 
scribes a three-element system and lists 
the advantages. In addition to functional 
illustrations, the booklet also contains 
chart records which show performance 
under varied conditions. Sixteen pages. 
Bulletin No. 105-B.—Bazley Meter Com- 
pany, 1050-Ivanhoe Road, Cleveland 10, 
Ohio. 


Galvanometers—Applications and char- 
acteristics are presented in text form. 
Schematic diagrams and photographs 
further describe the types of galvanom- 
eters, together with specification charts 
that include galvanometer resistance and 
external critical damping resistance. Four 
pages. Bulletin GEA-21360.—A pparatus 
Dept., General Electric Company, Schenec- 
LOGY NEY: 


Industrial Control—Industrial control 
devices and safeguards are described, 
with schematic diagrams, dimensional 
drawings, and photographs of the instru- 
ments, as well as specifications and range 
charts. Among the controls presented are: 
engine safety cut-outs, and temperature, 
pressure, and humidity controllers. Fifty- 
six pages. Catalog No. 8302.—The Brown 
Instrument Co., Wayne and Roberts Ave., 
Philadelphia 44, Pa. 


Insulation Testing—Resistance and insu- 
lation tester is explained with illustra- 
tions and circuit diagrams. Kinds of tests 
included are Varley Loop and Murray 
Loop. Illustrations and text describe the 
construction. Voltage-characteristic curve 
and specification sheet are given. Twelve 
pages. Bulletin 21-60.—James G. Biddle 
Co., 1816 Arch St., Philadelphia 7, Pa. 


Metal Punches—Descriptive and dimen- 
sional illustrations are given for various 
sizes with specifications included in ac- 
companying tables. The text points out 


operational advantages.—Eight pages 
Bulletin 3-47.—Wales-Strippit Corpora- 
tion, North Tonawanda, N. Y. 


Permanent Magnets—This bulletin con- 
siders the advantages and limitations of 
permanent magnets in many present and 
potential applications, and contains tech- 
nical information and data on magnetic 
materials and basic design formulas. 
Sixteen pages. Entitled ‘‘Permanent 
Magnets, Their Use, Design, and Fabri- 
cation.’’—Thomas and Skinner Steel Prod- 
ucts Company, 1082 East 23rd St., Indian- 
apolis, Ind. 


Protective Coatings—This catalog lists 
features of a protective coating, the 
chemical agents to which it is resistant, 
a variety of actual case histories, and 
apphcation information. Four pages. 
Entitled ‘‘Prufcoat Protective Coatings.”’ 
—Prufcoat Laboratories, 68 Main Street, 
Cambridge, Mass. 


Variable-pitch V-belt Drives—This book- 
let describes a V-belt drive that employs 
planetary motion with four variable- 
pitch sheaves and two standard cross- 
section V-belts to provide any speed up to 
800 rpm at constant torque from a con- 
stant-speed power source. The engineering 
principles are outlined, and dimensions 
and ratings of horsepower and torque are 
listed. Principal applications are given. 
Four pages. Bulletin No. 7-7400-GI.—B. 
F, Goodrich Company, Akron, Ohio. 


“ALNICO vermanent macners 


Specializing in the production of highest quality Alnico Magnets in all grades in- 


cluding new triple strength No. 5. 


Production material checked to assure highest uniform quality of product. 


Castings made to customer's special order on the basis of sketches or blueprints 


furnished. 


Information and suggestions furnished on request. 


June, 1947 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


Reactions at Carbon-Carbon Double 
Bonds. 


Charles C. Price—120 pp. 1946. Inter- 
science’ Publishers, Inc.,” New ‘York. 
$2.50. 


This is the first volume of a projected 
series, Lectures on Progress in Chemisiry, 
sponsored by the Institute of Polymer 
Research at the Polytechnic Institute of 
Brooklyn. The book is based on lectures 
given by Professor Price in the summer of 
1945. : 

The chapter headings are as follows: 
Electronic structure of unsaturated or- 
ganic molecules; [onic reactions involving 
double bonds; Free radical reactions in- 
volving double bonds; Free radical addi- 
tion polymerization; Copolymerization; 
Emulsion and suspension polymeriza- 
tion; and Polar polymerization. 

The study of electronic structure pre- 
sents Price’s concept of electrostatic 
polarization, originally proposed in 1941. 
Price believes that this concept better 
explains the effect of substituents on 
aromatic rings than does the more com- 
monly accepted resonance hypothesis. 
Although Price presents a convincing 
argument for his viewpoint, certain ob- 
jections can be raised; for example, the 
question of para substitution. However, 
resonance vs. polarization is a controver- 
sial subject but both concepts, fortunate- 
ly, give the same end results. 

The chapters on ionic and free radical 
reactions give concise review of pertinent 
literature on these subjects. Also, the 
chapters on polymerization are excellent 
in their clarity of presentation. 

The book is recommended to all chem- 
ists, particularly those just entering the 
field of polymerization, who wish a con- 
venient summary of this science through 
1945. 

It is unfortunate that there is an un- 
avoidable delay in the publishing of a 
book, particularly in such a rapidly ex- 
panding field as polymerization. During 
1946 a number of significant develop- 
ments have been presented. It is hoped 
that Professor Price will one day enlarge 
and expand the present book to include 
his analysis of this later work. 

Dr. WILLIAM E. Cass 


Materials and Processes. 


Edited by. James: F. Young—628 pp. 
1944. John Wiley and Sons, Inc., New 
York. $5.00. 


James F. Young, because of his under- 
standing of the needs of the technical 
schools and industry for a comprehensive 
treatise on Materials and Processes, has 
produced an unusual book of great value. 
The book is unusual in that useable data 
on both metallic and nonmetallic ma- 
terials, including insulation and structural 
plastics, are set forth in one volume. 

‘“Materials and Processes’ is extremely 
valuable because of the breadth of vision 
of the author, who has made available to 
the reader information on the nature of 
pure metals as well as the principles of 
alloying, fabrication, and finishing of 
those metals. : 

The experts who have assisted Mr. 
Young are well known and competent, 
and the book is recommended for refer- 
ence use in industry, as well as for use 
as a text in technical schools and colleges. 

Te8. FULLER 
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Mechanics of Materials. (Second Edition) 


Philip G. Laurson and William J. Cox— 
422 pp. 1947. John Wiley and Sons, Inc., 
New York. $4.00. 


Suitable for a person who wishes to 
further his knowledge of the subject of 
mechanics of materials, this book is pref- 
aced with the mechanical properties of 
materials, allowable stresses, and physical 
behavior of stressed bodies. It gives a 
complete, clear, and readily understand- 
able presentation of the fundamental 
principles required for the design of 
riveted and welded joints, beams, and 
columns. Inits treatment of the foregoing 
subjects it utilizes well-chosen practical 
problems and their solution, along with 
understandable definitions and footnotes 
to clear up points in the general text. 

Inthe chapter on deflections of beams, 
can be found the moment-area method 
which enables a designer to arrive at a 
solution without the use of higher 
mathematics. The book also covers the 
use of Mohr’s circle—a graphic method 
for determining combined stresses, as well 
as tables which are useful for reference. 

WILLIAM KRAUSE 


Control Charts for Factory Management. 


William B. Rice—149 pp. 1947. John 
Wiley and Sons Inc., New York. $2.50. 


Control Charts for Factory Manage- 
ment represents one of the first attempts 
to set into the over-all factory manage- 
ment picture some of the statistical meth- 
ods that are now being used in quality- 
control activities. The book has several 
good points: the statistics are clearly 
presented, there are several good indus- 
trial examples, and some of the basic 
thinking underlying modern Quality Con- 
trol activities is effectively described. 
Perhaps the best feature of Mr. Rice’s 
book is his discussion of how control 
charts may be geared into the perennial 
factory effort to determine and maintain 
the most economical costs of manufactur- 
ing its products. 

The book should be considered by its 
reading audience on the basis of the title 
by which the author has defined his sub- 
ject matter, that of presenting the use, by 
management, of a single tool of quality 
control. In this way, Control Charts for 
Factory Management can be of great 
benefit as a source of information for in- 
dustrial personnel at large about Quality 
Control, and, as aresult, in advancing the 
quality control cause. It is the opinion of 
this reviewer that a great disservice will 
be done the book by its readers if they 
should consider it as attempting to por- 
tray the management aspects of an over- 
all quality control program, as some of 
the descriptive matter on the book jacket 
seems to suggest. There remain several 
very wide gaps between the techniques 
presented in this book and the numerous 
methods used in the actual operations of 
Quality Control programs in modern in- 
dustry; and, no doubt, Mr. Rice would be 
the first to agree to this statement. 

Control Charts for Factory Manage- 
ment is an able presentation of the sta- 
tistics, philosophy and practical applica- 
tions of the control chart tool of quality 
control, it does not: pretend to be any- 
thing more than that and should not be 
so considered. A. V. FEIGENBAUM 
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Panel Heating and Cooling Analysis. 


Bi Fo Raber and=F>-W: Hutchinson== 
208 pp. 1947. John Wiley and Sons, Inc., 
New York. $3.50. 


Both authors have written numerous 
technical and nontechnical articles on 
the subject of panel heating, which 
have appeared in trade publications dur- 
ing the past several years; Professor 
Hutchinson is a recognized authority on 
panel heating as a result of extensive 
studies in Europe and recent research at 
both the University of California and 
Purdue. This book seems to be a well 
organized summary of the information 
presented in their articles. 

The authors’ objective is to furnish in 
one volume an elementary descriptive 
treatise on panel heating, as well as a very 
technical mathematical analysis of the 
subject, with a detailed and rigorous 
treatment of the theory of radiant heat 
exchange. 

The early chapters are of particular 
interest to the nontechnical reader. It 
first presents the history of heating, the 
physiological affects of various methods 
of heating, and an explanation of panel 
heating. A discussion of the necessity for 
a well designed system and the various 
methods of accomplishing panel heating 
follows. The advantages and disadvan- 
tages of panel heating are then described 
in detail, with one principal disadvantage 
being difficulty of control, in part due to 
the high thermal capacity. The balance of 
the book would be of interest to technical 
readers as it is a complicated mathemati- 
cal analysis, covering form factors, 
shape factors, and the use of heat balance 
in designing for the desired mean radiant 
temperature. The book lastly presents 
what the authors refer to as a simplified, 
approximate, rational design procedure. 

: C. M. TOELAER 


Methods of Mathematical Physics. 


Harold Jeffreys and Bertha Swirles Jef- 
freys—679 pp. 1946. Cambridge, at the 
University Press; New York, The Mac- 
millan: Co: $15.00. 


The authors state in their preface that 
‘this book is intended to provide an 
account of those parts of pure mathe- 
matics that are most frequently needed 
in physics.’’ It is felt by this reviewer that 
many parts of the book will also be found 
useful by the analytical engineer, the 
applied mathematician, the aerodynami- 
cist, and others who apply mathematics in 
their work. 

The first chapter deals with what is 
generally known as ‘“‘theory of functions 
of a real variable.’’ This is followed by 
chapters on vectors, tensors, matrices, 
multiple integrals, and analytic functions 
of a complex variable and conforinal 
transformations; these lay the ground 
work for the study of specific fields of 
mathematical physics, such as potential 
theory, fluid flow, the wave equation, the 
heat conduction equation, etc. 

Operational calculus is given a treat- 
ment similar to that in the senior author’s 
book on the subject which has been out 
of print for some time; relying on complex 
integral representation (Bromwich in- 
tegrals). 


(Continued on next left-hand page) 


June, 1947 


Bus support clamps are important, too ! 


The bus support clamps illustrated here, and others in Burndy’s 
comprehensive line, were all designed to meet rigid utility re- 
quirements, both mechanical and electrical. 


They are available for supporting all sizes of tubing, flat bar 
and cable, in both 8” and 5” bolt circle mountings. Fitting 
companions to other Burndy station connectors, such as T’s, 


couplers, expansion joints, ete. 

It will pay you to specify “Burndy” on your next substation. 
You’ll find a complete listing in your connector bible — 
Catalog 40. 7 


BURNDY * New York 54, N. Y. ¢ Western Branch: Vernon 11, Cal. e Canada: Canadian Line Materials, Ltd., Toronto 13 ¢ Foreign: Philips Export Corp., N. Y. 17 
cD, 
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BOOK REVIEWS (Continued) 


There is a chapter on numerical meth- 
ods which will be found very useful by 
anyone trying to carry out numerical 
work including interpolation from exist- 
ing tables and integration of ordinary 
differential equations. Numerical solution 
of partial differential equations, however, 
is restricted to an example which is un- 
duly simplified owing to special symmetry 
and from which the reader can hardly 
gain a clear idea of what have become 
known as the “relaxation methods’’ of 
solution. 


Special chapters are devoted to certain 
functions of frequent occurrence in analy- 
sis, such as Bessel functions, Legendre 
functions, the hypergeometric function, 
the gamma-function (which is, however, 
called the ‘‘factorial’’ function), and el- 
liptic functions. 


Specific applications of general results 
are given wherever possible; thus, the 
product of vectors are illustrated by ap- 
plications to mechanics of particles and 
rigid bodies. Incidentally, thé authors 
depart from the generally accepted Gibbs 
notation X for a vector product which 
they. denote by A- Again, matrices are 
illustrated on displacements in space, the 
Pauli spin matrices, by the Eddington- 
Dirac matrices which occur in the rela- 
tivistic theory of protons and electrons, 
by applications to crystal theory, etc. 


All in all, the authors must be com- 
mended on producing a book which will 
prove of aid both to the student and the 
investigator in guiding him through the 
difficult field of mathematical physics. 


H. PORITSKY 


Microcalorimetry. 

W. Swietolawski—199 pp. 1946. Reinhold 
Publishing Corporation, New York. 
$4.75. 

This book gives a lucid exposition of the 
several types of calorimeters for measur- 
ing very small heat flows, of the order of 
one calorie per hour or less. It tells the his- 
tory of the development of each type, the 
drawbacks that led to improvements, and 
the kinds of errors that led to conflicting 
results. 


Professor Swietolawski made many 
measurements on the heat of radioactive 
transformation, in collaboration with the 
Curies. He has used ice calorimeters, adia- 
batic microcalorimeters, static and kinetic 
methods, and the labyrinth flow calorim- 
eter. He emphasizes the value of com- 
parative measurements in avoiding sys- 
tematic errors, as well as other factors 
influencing the correctness of the results. 


The chapter titled ‘‘Choice of Method’’ 
is particularly illuminating; it summarizes 
the methods and shows which one is pre- 
ferred for a particular process. A tabula- 
tion is given of significant variables, such 
as the amount of material available, the 
duration of measurements; and the rate of 
change of energy output with time. 


Measurements have been made on such 
diverse processes as heat developed by 
radioactive minerals, heat of mechanical 
deformation, specific heat of solids or 
liquids, hardening of cements, heat de- 
veloped by animals, and heat of germina- 
tion of seeds. ; 


A bibliography of 1380 references and a 
satisfactory index are included. 


(Mrs.) FLORENCE F. BUCKLAND 


Electronics in Industry. 


Waldemar I. Bendz and Charles A. Scar- 
lott—501 pp. 1947. John Wiley & Sons, 
Inc., New York. $5.00. 


This book is written for engineers, pri- 
marily electrical engineers ‘‘for whom the 
details and mathematics of electronic en- 
gineering are not of interest.’’ It contains 
a wealth of excellent diagrams and circuits, 
and emphasizes the physical explanation 
of the various subjects covered. Chapters 
are devoted to the basic forms of tubes, as 
well as their application. The author, in 
chapter groupings, makes a clear distinc- 
tion between ‘‘control,”’ in which the input 
of the device is entirely independent of 
the output, and ‘‘regulation’’ where the 
input and output are definitely related. 

The chapter. on “Heating by High 
Frequency”’ is particularly well done and 
includes much engineering data and for- 
mulae for this application. One chapter is 
devoted exclusively to the ‘‘Basic Circuits 
of Electronic Control.’’ 

The new ASA graphical symbols are 
employed and each chapter includes a 
summary and list of references for more 
detailed study. It is a large book, over 
500 pages, but so highly specialized that 
the field of electronic measurements and 
instrumentation is treated only super- 
ficially. 

The authors are both associated with a 
large corporation active in the field, and 
it is interesting to note that some terms 
employed in the book, such as ‘‘shock- 
over,’ “inductor block,’’ ‘‘Townsend dis- 
charge’ and ‘‘Grenz rays’’ are not famil- 
iarly used by engineers in another large 
corporation active in the same field. This 
indicates that industrial electronics is still 
somewhat of a compartmentized science. 


W.-C. WHITE 
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OU GET QUALITY PLUS ENGINEERING SERVICE WITH G-E PERMANENT MAGNETS 


ET THAT 
IAGNETISM 


A tiny SILMANAL cylinder mag- 
netized along a diameter is the heart 
of the G-E gauss. meter. When the 
probe ws placed in the field of a per- 
manent magnet or a d-c electromag- 
net, the SILMANAL magnet on the 
shaft tends to line up with the flux. 
Flux density is measured by rotating 
the instrument until the pointer 
reaches its highest reading. This oc- 
curs when the probe-magnet flux is 
at right angles to the flux being inves- 
tigated. The pointer when at zero scale 


position indicates flux direction. 
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8) ASSOCIATED — 
ELECTRICAL INDUSTRIES 
LIMITED 


Subsidiary Companies 


Augmenting the many gradesof sintered and cast ALNICO 
permanent magnets, four additional General Electric alloys 
—SILMANAL, CUNIFE, CUNICO, and VECTOLITE 
—now greatly extend magnet design possibilities. 

So ductile and malleable that they can be machined as 


a = readily as soft steel, SILMANAL, CUNIFE and CUNICO 
The British Thomson Houston possess outstanding properties suitable for a wide range of 


Company Limited | special applications. SILMANAL is particularly adapted 


| to devices used in the presence of severe demagnetizing 
The Edison Swan Electric influences. 
Company Limited 


VECTOLITE, a sintered non-metallic mixture of iron 
Ferguson Pailin Limited 


and cobalt oxides, is amazingly lightweight. Because of its 
high electrical resistance, high coercive force and low eddy 

Metropolitan Vickers 
Electrical Company Limited 


SEND FOR NEW BULLETINS 
ON G-E PERMANENT MAGNETS 


We shall be glad to send you upon request 
our new bulletins, CDM-1, “Permanent Magnets,” 
and CDM-2, “Cast and Sintered Alnico, Catalog 
Supplement,” both specifically designed to help 
you with your permanent magnet problems, 

CDM-1 contains information about the char- 
acteristics and properties of G-E permanent 
magnet materials, their application and design. 
Listed in the catalog supplement, CDM-2, are 
sintered and cast Alnico permanent magnets 
available from stock. Proposed R.M.A. standard 
speaker magnets are included. 

For your copies, please fill out the coupon 
below. 


| 

i 

Five 3500 hp and one 3000 hp D-C Motors manufactured at the Peterborough 
i | Works of Canadian General Electric driving main rolls on a 56 inch continuous 
|| strip mill at The Steel Co. of Canada Lid., Hamilton, Ont. 
| | 


Iu Canada... 


| 

i : : 

| - eight large factories manufacture 
: 


current loss, VECTOLITE has been used widely for rotor 
magnets. 3 

Let us help you with your magnet application problems. 
General Electric Engineers, backed by years of research 
and magnet design experience, are at your service. Metal- 
lurgy Division, Chemical Department, General Electric Co., 


Pittsfield, Mass. 


PERMANENT 


METALLURGY DIVISION 
SECTION X-6 

CHEMICAL DEPARTMENT 
GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASS, 


Please send me your new bulletins 
CDM-1, and CDM-2, on G-E Perma- 


General Electric products. 30 
J 
I 
i nent Magnets. 
I 
I 
i 
| 
I 


engineering and sales offices, 
and 15 warehouses are located 


Sole Agents and Licensees for the 


United Kingdom of the 

i from coast-to-coast to serve you. . . NAME Cee eee ' 
General Electric Co., U.S.A. MAGNETS eo 
| CANADIAN GENERAL ELECTRIC CO LTD | il , 
i Halifax'*"St-John:s:Sydney.* Montreal «. Quebec *. Sherbrooke * Chicoutimi. * Trois Rividres ° Ottawa:e Toronto | 11) MR RTE RS Se ie Sy meme RR eS EE reece Sk er fA Se a ae COMMA ace) NI SS MRS AR Loa ae ag v1 cee 
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Augmenting the many sintered and cast 
Alnico alloys, 4 additional General Electric 
magnet materials greatly extend magnet de- 
sign possibilities. 1 
1. VECTOLITE. This light-weight, high-resistance magnet material is a. com- 
bination of iron oxide and cobalt oxide. High in coercive force, it is finding 
wide application as a rotor magnet for d-c selsyns and in many types of 
moving magnet instruments. A number of shapes are shown in illustra- 


tion 1. 

2. CUNICO. An alloy of copper, nickel and 
cobalt, Cunico is malleable, ductile, and ma- 
chinable and is supplied in wire, strip, or 
rod stock. Illustration 2 shows a rod of 
Cunico, and screw-machine magnets ma- 
chined from it. 

3. CUNIFE. Cunife has all the physical ad- 
vantages of Cunico. However, this alloy of 
copper, nickel and iron has directional 
properties, and to secure best magnetic re- 
sults must be magnetized only along the 3 
direction in which the material has been 
worked. It is supplied in wire stock in 
round, square, and rectangular form. Duc- 
tility of Cunife is shown in illustration 3. 

4. SILMANAL. High in coercive force, this 
alloy of silver, manganese, andaluminumis 4 
most useful'in instruments where service in 
strong electrical fields is necessary. The Silmanal magnets in illustration 4 
were rolled, punched, and machined from the ingot shown. For more infor- 
mation about these magnetic materials, write for Bulletin GES-3337. 
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RELAYS THAT ARE 
REALLY SENSITIVE 


For electronic applications where 
switching functions must be performed 
by small amounts of power, General 
Electric has a complete line of current- 
sensitive, d-c relays. These relays are 
built to withstand shock and vibration 
and will operate in ambient tempera- 
tures from —70F to 200F. They cover 
the range from 10 mw to 180 mw; 0.47 
ma to 1470 ma; 0.07 ohms to 67,000 


‘ohms coil resistance; and weigh from 


0.1 to 0.7 pound. Contact ratings from 
12 volts to 110 volts a-c/d-c with a 
contact rating at 24 volts d-c of 2.0 
amperes non-inductive and 0.5 ampere 
inductive. Installation is easy with either 
the plug-in base or the solder-lug ter- 
minals. Write for Bulletin GEA-3819. 


ONE SWITCH 
CONTROLS MANY CIRCUITS 


For transfer and control switching there 
is a G-E (Type SB-1) switch to do al- 
most any job. Standard Type SB-1 
switches are available from single-stage 
models to 12-position, 16-stage models. 
For more complex switching, special 
models are furnished up to 100 stages. 

Precision construction makes opera- 
tion easy, even in the larger models. 
Rated at 600 volts, 20 amp continuous, 
or 250 amp for 3 seconds, the long- 
lived, cam-operated silver contacts have 
stood more than 1,000,000 test opera- 
tions without excessive wear. 

Stages are isolated by dielectric bar- 
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riers. There 1s ample space for easy con- 


nection. Two types of locks permit lock- 
ing in any position, and standard 
switches are dead front. Write for 
Bulletin GEA-1631. 


PUTS A LOT OF COIL 
IN A LITTLE SPACE 
When product design puts a premium 
on space, G-E Formex* magnet wire 
lets you wind more compact coils. 


Where coils wound in rectangular 
shapes crack enamel insulation, the 
tough film on Formex stands up. In 
fast winding operations, too, Formex 
takes the punishment. When coils must 
stand up year after year, depend on 
Formex, because age has little effect 
upon this polyvinyl-acetal insulation. 
Round Formex is available in standard 
sizes from 6 AWG to 44 AWG and in 
ultrafine sizes of 134, 114, 114 and 
down to 1 circular mil in copper area. 
Rectangular Formex is also available. 
For full information on shapes, sizes 
and application methods, write for Bul- 
letin GEA-3911. 


LECTROFILM CAPACITORS 
AT NEW LOW PRICES 
Circuit designers now have complete 
freedom to use either high or low capa- 
cities in r-f blocking and by-pass appli- 
cations — without paying a premium for 
high capacity—because General Electric 
case-style 65 Lectrofilm* capacitors are 
now all at one new price, approxi- 
*Reg. U.S. Pat. Off. 
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mately half of the previous level! Simi- 
Jarly, all listed ratings of case 70 de- 
signs are offered at one new, low price. 

General Electric’s development of 
Lectrofilm, a new capacitor dielectric, 
and the advanced methods used in man- 
ufacturing these capacitors have resulted 
directly in these new low prices. Lectro- 
film capacitors are now the answer to 
new circuit economies, better circuit 
designs, lower over-all equipment costs. 
Bulletin GEA-4295. 


TO SELL RADIO LISTENING 
BY THE HOUR 


Dispensing 2 hours of use for each coin 
deposited, the General Electric Type 
TSC-9 coin-switch mechanism is suit- 
able for installation in table-model 
radios such as hotels provide for guests. 
Powered by the widely used, reliable 
Telechron motor, and with silver con- 
tacts rated 2 amp, 110 volts a-c, the 
switch is constructed for long, mainte- 
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GENERAL ELECTRIC COMPANY, Sec. €642-14 
Apparatus Dept., Schenectady 5, N. Y. 


Please send me: 

... GES-3337 (Magnet materials) 

_...GEA-3819 (Current-sensitive 
relays) 


Name 
Company 
Address 
City 
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....GEA-1631 (Type SB-1 switches) 
....GEA-3911 (Formex magnet wire) 
....GEA-4295 (Lectrofilm capacitors) 


NOTE: More data available in Sweets’ File for Product Designers 


nance-free service. The Type TSC-9 
switch may be connected to allow inter- 
mittent use of the radio until the time 
paid for has been exhausted. As many 
as 6 coins, providing a maximum of 12 
hours use, may be deposited at one time. 
A continuous coin counter registers de- 
posits up to $25. 


TRAINS BETTER WELDERS 
IN LESS TIME 


Visual methods of employee education 
have proved their ability to increase out- 
put and decrease rejects. Now General 
Electric has produced a new, full-color, 
sound movie that uses animated draw- 
ings to teach the principles and applica- 
tions of spot, projection, and seam re- 
sistance welding. The film takes you 
inside fifteen different industrial plants, 
and shows more than 100 applications 
of resistance welding where it is speed- 
ing production and cutting costs. Ac- 


companying the film is an interesting 
“refresher” bulletin covering the salient 
points of the film. 


Ask your local General Electric office 
to lend you “‘This Is Resistance Weld- 


ing’; no charge or obligation to you. 


State 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


ALLOYS, MAGNETIC 


Performance of the New Alnico Permanent-magnet 
Materials. 


F. W. Merrill—Elec. Mfg., Feb., 1947; v. 
39, pp. 72-77, 182, 184, 186. 

After making a fresh analysis of per- 
manent-magnet theory, the author dis- 
cusses the suitability of the newer alnico 
alloys for either fixed or variable air-gap 
apparatus, through interpretation of their 
demagnetization curves. 


ANALOGUES, ELECTROMECHANICAL 
A Dynamical Analogue. 


N. Minorsky— Franklin Inst. Jour, Feb., 
1947; v. 248, pp. 181-150. 

Outlines certain possibilities for a 
graphical integration of ordinary differen- 
tial equations by means of a dynamical 
analogue of a pendulum type. 


CAVITY RESONATORS 

Cavity Resonators and Electron Beams. 

J. H. Owen Harries— Wireless Engr., Mar., 

1947; v. 24, pp. 71-80. : 
The conditions governing the transfer 

of energy from an electron beam into a 

resonant cavity, and from thence toaload. 


‘A serial article, which will have bibliog- 


raphy. 


ELECTRIC CONTROL SYSTEMS 


Electrical Control for the New 56-in. Continuous 
Hot-strip Mill, the Steel Company of Canada, Ltd. 
D. C. McCrady and W. J. Shortall—Iron 
& St. Engr., Jan., 1947; v. 24, pp. 110-116. 

Some applications of rotating regulators 
in the controls of a modern strip mill. 


Electrohydraulic Control of Diesel-electric Drives. 
M. A. Edwards and C. B. Lewis—Dvesel 
Power, Feb., 1947; v. 25, pp. 72-74, 96. 
Description of an automatic control 
system for governing engine speed and gen- 
erator output. Involves a servo element. 


ELECTRIC DRIVE—STEEL MILLS 
Constant-tension Reel Drives. 


E.S. Murrah—Blast Fur. & St. Pl., Feb., 
1947; v. 35, pp. 205-214. 


Electrical Highlights in the Rolling Mill and Auxiliary 
Expansion During 1946. 

H. W. Poole—Blast Fur. & St. Pl., Jan., 
1947; v. 35, pp. 85-88, 94. 


ELECTRIC DISTRIBUTION 

Distribution System Economics for Light-load Density 
Areas. Pf. 1. 

O. B. Falls, Jr.—Elec. Wid., Feb. 1, 1947; 
v. 127, pp. 54-55. 


ELECTRON TUBES, TRAVELLING WAVE 
Travelling-wave Tubes. 

J. R. Pierce and Lester M. Field—Inst. 
Radio Engrs. Proc., Feb., 1947; v. 35, pp. 
108-111. 


Travelling-wave Tube as Amplifier at Microwaves. 


Rudolf Kompfner—Inst. Radio Engrs. 
Proc., Feb., 1947; v. 35, pp. 124-127. 

A tube is described which is based on 
the principle of interaction between 
travelling electric field and electron beam 
travelling at about the same velocity. 


GAS_ TURBINES 

Development of Gas Turbine Power Plants for Trac- 
tion Purposes in Germany. 

R. H. Bright—Engrs. Digest, Mar., 1947; 
v. 4, pp. 115-119. 
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Static-load Tests on an Aircraft Gas Turbine to Simulate 
Loads Produced by Rapid Plane Maneuvers. 


A. W. Brunot and W. B. Goddard—Jour. 
App. Mech., Mar., 1947; v. 14, pp. A15- 
A20. 


Value of Wet Compression in Gas-turbine Cycles. 


RovV. Kleinschmidt— Mech. Engng.,; Feb., 
1947; v. 69, pp. 115-116. 


INSTRUMENTS 
High-speed Electronic Digital Computers 


Nat. Bur. Sids. Tech. News Bul., Feb.., 
1947; v. 31, pp. 18-15. 

Non-technical description of two cal- 
culating instruments to be built by the 
Bureau of Standards for the Bureau of 
the Census and the Office of Naval Re- 
search. 


Manometers for Low Pressures. 


Saul Dushman—ZIJnstruments, Mar., 1947; 
v. 20, pp. 234-239, : 


Measurement of Small Currents: Characteristics of 
Types 38, 954, and 959 as Reduced-grid-current 
Tubes. 


Carl E. Nielsen—Rev. of Sct. Insir., Jan., 
1947; v. 18, pp. 18-31. 


Use of Electric Gaging Equipment in Machine Design. 


Pe Nokes {and “Bh. Gr Carr—‘Vech:. 
Engng,. Feb., 1947; v. 69, pp. 117-119. 

On various kinds of instruments for 
measuring stresses in machine elements, 
and how they may be used to facilitate 
the machine designer’s work. 


ISOTOPES 


Concentration of Isotopes of Chlorine by the Counter- 
current Electromigration Method. 


Samuel L. Madorsky and Sidney Straus— 
Nat. Bur. Sids. Jour. Res., Feb., 1947; v. 
38, pp. 185-189 (RP No. 1767). 


LIGHTING 

Light for Living. 

H. L. Logan—Illum. Engng., Mar., 1947; 
v. 42, pp. 291-324. 

The object of this paper is to establish 
definite criteria for good interior lighting. 
The criteria are derived from a study of 
the distribution of light in natural fields 
of view. Several bibliographic footnotes. 


Simple Criterion for Quality in Lighting. 
Parry Moon and Domina Eberle Spencer 
—Illum. Engng., Mar., 1947; v. 42, pp. 
325-364. 

A theoretical study of the factors which 
determine quality. 


MICROPHONES 
Magnetic Throat Microphones of High Sensitivity. 


Daniel W. Martin—Acoustical Soc. of Am. 
Jour., Jan., 1947; v. 19, pp. 43-50. 


MOTORS, HIGH-FREQUENCY 


High-speed Motors and Sources of High-frequency 
Power. 

Alfred Skrobisch——Elec. Mfg., Feb., 1947; 
v. 39, pp. 102-104, 190, etc. 

Operation at 400 cycles and up permits 
ereater output and higher efficiencies 
from small motors; means of cooling and 
general design are standardized but 
sources of high-frequency power remain a 
problem. 
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PHOTOGRAPHY 


Light Control! by Polarization and the Application of 
Polarizers to the Stereoscopic Process. 


J. A. Norling—Soc. Motion Pict: Engrs. 
Jour., Feb., 1947; v. 48, pp. 129-144. 


PLASTICS 

Appraisal of Polystyrenes in Electrical Applications. 
W. C. Goggin—Elec. Mfg., Feb., 1947; v. 
39, pp. 83-86, 156. - 

Styrene-derived resins, including new 
formulations of unusual character, offer 
the designer of electrically energized prod- 
ucts many areas of applications. 


Behavior of Thermosetting Plastic During Weathering. 


G. O. Grimm—Engrs. Digest, Mar., 1947; 
v. 4, pp. 109-111. 

Abstract translation from ‘Schweizer 
Archiv,’’ Oct., 1946; pp. 311-322. 


What’s New in Plastics. 
John Delmonte—Mach. Design, Feb., 
1947; v. 19, pp. 101-105, 182, 184. 

A review of recent developments in 
materials, processes, and applications. 


PROTECTIVE APPARATUS 
Arc-quenching Effect of Petersen Coils. 


W. Diesendorf—Inst. Engrs., Aust., Jour. 
Oct./Nov., 1946; v. 18, pp. 237-241. 


PUMPS 
Design of Jet Pumps. 


A. Edgar. Kroll—Chem. Engng: Prog., 
Feb., 1947; v. 1, pp. 21-24. 


Proportioning Pumps—Construction, Performance and 

Application. 

Rolland McFarland, Jr—Chem. Engng. 

Prog. eb. 1947 Vv. 1 opp. l2- 16, 
Pumps for use in the process industries. 


RADAR 
High-speed Waveguide Switch. 3 
D. K. Bishop-——-Wireless. Engr.,., Mar., 
1947; v. 24, pp. 67-70. 

Developed to switch alternate pulses of 
r-f power into the two aerials of a radar 
installation. 


Radar Development in Canada. 


Frederick H. Sanders—Inst. Radio Engrs. 
Proc., Feb., 1947; v. 35, pp. 195-200. 
Descriptions are given of early radar 
development in Canada, followed by a 
brief outline of sets developed later by 
the National Research Council and pro- 
duced by Research Enterprises Limited. 


RADIO ENGINEERING 
An Attenuator of S-band Energy. 
Harry R. Meahl—Inst. Radio Engrs. 
Proc., Rebsy2h94 hanes, ppi211-213. 

An accessory to a precision wavemeter 
for field use with “S’’-band Army aircraft 
beacon systems. 


RADIO POSITION—FINDING 
Navar; Co-ordinated System of Aerial Navigation. 


Air-sea. Safety, Mar., 1947; v. 2, pp. 
49-51. 

An illustrated explanation of methods 
and equipment. 


REFRIGERATING ENGINEERING—QUICK FREEZING 
Frozen Foods. 


William Rabak—Modern Packaging, 
Feb., 1947; v. 20, pp. 112-115, 164. 
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ROCKETS 
Measuring Velocity of V-2 Rockets by Doppler Effect. 


J. F. McAllister—Tele-Tech. Feb., 1947; 
v. 6, pp. 56-59, 129. 

Details of high-velocity measurement 
technics developed by German scientists. 


SOUND RECORDING 
Wire Recorder Wow. 


Arthur W. Sear—Acoustical Soc. of Am. 
Jour., Jan., 1947; v. 19, pp. 172-178. 


STEAM TURBINES—LUBRICATION 


Turbine-shaft Centrifugal Oil-pump Works with Oil- 
driven Booster Pump. 


R. Sheppard and J. W. Barnett— Power, 
Feb., 1947; v. 91, pp. 78-81. © 

Description of modern equipment for 
the pressure-oiling of steam-turbine bear- 
ings and speed-governing systems. 


SEPARATORS AND SEPARATION 
Multistage Separation Processes. 


Manson SBenedict—Am. Inst. Chem. 
Engrs. Trans., Feb., 1947; v. 48, pp. 41- 
60. 

The theory and basic constants of each 
process, such as its separation factor and 
energy consumption, are presented and 
the advantages and disadvantages of the 
process are enumerated. List of 22 refer- 
ences. | ; 


SHIP PROPULSION, ELECTRIC 


Recent Developments in Alternating-current Turbo- 
electric Ship Propulsion. 


G. O. Watson—I.M.E. Jour. & Proc., 

Mar., 1947; v. 154, pp. 380-385 (Proc.) 
The Eighteenth Thomas Lowe Gray 

Lecture. : 


MICROTORQUES 


by AUTOFLIGHT 


FOR REMOTE DATA 
TRANSMISSION 


Solve remote control and remote indicat- 
ing problems by adapting Microtorque 
Potentiometers to your particular needs. 
Microtorque Potentiometers can be con- 
nected directly to your present gages and 
indicators by a simple yoke adaptation to 
the instrument pointer, and used to operate 
directly recorder controllers, oscillographs, 
telemetering circuits, etc. 


Input torque less than 
.003 oz. in. Size 
WVx1Y%” Weight less 
than % oz. 


Write for detailed 
information. 


~ AUTOFLIGHT 
. INSTRUMENTS. 


A Division of G.M. Giannini & Co., Inc. 
285 WEST COLORADO ST. 
PASADENA 1, CALIFORNIA 


SOLENOIDS 

High-frequency Resistance and Self-capacifance of 
Single-layer Solenoids. 

R. Gs Medhurst— Wireless Ener. Rep. 
1947; v. 24, pp. 35-43. 

The results of high-frequency resistance 
and self-capacitance measurements on 
‘about 40 coils, wound with copper wire on 
grooved Distrene formers. Includes list of 
references. 


STEEL 
Influence of Size on the Brittle Strength of Steel. 


N. Davidenkov and others—Jour. App. 
Mech., Mar., 1947; v. 14, pp. A63-A67. 


Interrupted Quench and its Practical Aspects. 


Howard E. Boyer—sSteel Processing, Feb.., 
1947; v. 33, pp. 103-110. 


STRAINS AND STRESSES 

Photogrid Process Applied to Problems in Machine 
Design. 

G. A. Brewer— Mach. Design, Feb., 1947; 
v. 19, pp. 120-122. 

. A method of determining plastic strains 
in work pieces by observing distortion in 
a gridwork of lines photographically ap- 
plied to the piece previous to stressing. 


STRENGTH OF MATERIALS 
Bending of Clamped Plates. 


W. B. Stiles—Jour. App. Mech., Mar., 
1947; v. 14, pp. A55-A62. 


TELEMETERS AND TELEMETRY 
““Desynn’’ System of Remote Indication. 
E. B. Moss—Electronic Engng., Mar., 
1947; v. 19, pp. 91-93, 99. 

A self-synchronizing d-c telemetering 
system. 


- TELEVISION 


Carrier-difference Reception of Television Sound. 


R. B. Dome—BElectronics, Jan., 1947; v. 
20, pp. 102-105. 

Use of a common i-f amplifier for sight 
and sound signals, an important new de- 
velopment in television receiver practice. 


Film Projectors for Television. 


Ralph V. Little, Jr.—Soc. Motion Pret. 
Engrs. Jour., Feb., 1947; v. 48, pp. 93-110. 

The method of televising motion pic- 
tures using the storage-type pickup device 
is described. Theater and television pro- 
jection practice are compared and meth- 
ods of meeting proposed RMA Television 
Standards are discussed. 


THERMODYNAMICS | 
Equation of State for a System with a Single Type of 
Transformation. 

J. L. Finck—Franklin Inst. Jour., Feb., 
1947; v. 243, pp. 117-129. 


TURBO-EXPANDERS 

Turbo-expanders. 

Judson S. Swearingen—Am. Inst. Chem. 
Engrs. Trans., Feb., 1947; v. 43, pp. 85- 


90. : 
The construction and performance of 


an Elliott-Sharples turbo-expander. Also- 


reviews other types of machines, includ- 
ing German equipment. 


ULTRAVIOLET RAYS 

Determining and Reducing the Concentration of Air- 
borne Micro-organisms. 

Matthew Luckiesh and A. H. Taylor— 
Heat. Piping & Air Cond., Jan., 1947; v. 
19 pps 213-117. 

Presentation of results of tests to de- 
termine the bacterial content of air, and 
the bactericidal effectiveness of ultra- 
violet light. Includes consideration of 
germicidal lamps. Bibliography of ten 
items. 
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VIBRATIONS 

Determination of the Natural Frequencies of the Bend- 
ing Vibrations of Beams. 

A. I. Bellin—Jour. App. Mech., Mar., 
1947; v. 14, pp. A1l-A6. 

A method for determining the natural 
frequencies of lateral vibrations for elastic 
beams. The beams may be of variable 
cross section and may have any number 
of spans. 


A Modern Vibration Measurement Laboratory. Part |— 
A Study of the Conditions to Be Satisfied in Vibration 
Measurement Work. 

A. J. Cogman—FEHlectronic Engng., Mar., 
1947; v. 19. pp, 71-74, 76. 


Vibrations of Machine Foundations. 


A. Tomasek—Engrs. Digest, Mar., 1947; 


v. 4, pp. 123-126. 

Abstract translation from ‘Strojnicky 
Obzor,’’ Oct. 20, Nov: 5, 1946; pp. 215- 
218, 231-233. : 


WAVE GUIDES 


Rectangular Waveguide Systems; Bends, Twists, Cor- 
ners, and Junctions. 


N. Elson— Wireless Engr., Feb., 1947; v. 
24, pp. 44-54. 

The main aspects of the theory, design, 
and methods of construction of bends, 
twists, corners, and junctions for use in 
rectangular waveguide systems. 


WELDING 
Air Pressure Speeds Automatic Welding. 


Steel, Feb. 3, 1947; v. 120, pp. 97, 144, 146. 

New operating principle involves high 
air pressure up to 1000 psi to control 
sequences in fast, automatic multispot 
resistance welding. 


Carbide Instability of Carbon-molybdenum Steel Piping. 


R. W. Emerson— Weld. Jour., Feb., 1947; 
v. 26, pp. 104s-114s. 

An investigation of the complete failure 
of a carbon-molybdenum-steel steam pipe 
adjacent to a weld revealed the failure to 
be the result of graphite segregation. 


Pressure-welding Stainless Steel Rings. 


Arnold L. Rustay and others—Weld. 
Jour., Feb., 1947; v. 26, pp. 129-137. 


Progress Report on the Flash Welding of High-strength 
Aluminum Alloys. | 

R. Della-Vedown and E. A. Reynolds— 
Weld. Jour., Feb., 1947; v. 26, pp. 81s-87s. 


Resistance Welding for Porcelain Enameled Ware. 


Ralph $S. Florek—Weld. Jour., Feb., 
1947; v. 26, pp. 137-140. 


Snow Flakes and Hairline Cracks in Weld Metal. 


. M. Lefevre—Engrs. Digest, Mar., 1947; 


v. 4, pp. 131-135. 
Abstract translation from ‘‘Revue de la 
Soudure,’”’ v. 1, no. 2, 1945; pp. 39-49. 


WIND TUNNELS 


Wind-tunnel Turbulence Effecis. 


Dimitri P. Riabouchinsky—Jour. Aero. 
Sct., Mar., 1947; v. 14, pp. 190-192. 
An historical account. 


X-RAYS 


How to Get Good Detail in X-ray Negatives. 
Am. Mach., Feb. 27, 1947; v. 91, pp. 81- 
84 


Hidden defects in workpieces are re- 
vealed in proper detail if certain basic fac- 
tors are understood and used in making 
radiographic examinations. 


Operations in the Production of Electronic Tube Com- 


»ponents. 


Mach., Feb., 1947; v. 53, pp. 160-164. 

Methods of x-ray tube manufacture in 
a plant of the North American Philips 
Comiainc. 


63 


Oca cau Cen nanan nia nine sina ng alanine ee ee ee epee Nana oan 


64 


BOILER-FEED PUMPS | 


for the Exacting Engineer | 


RT: 4 to 8 stages; pressures to 1200 
Ib, capacities to 2000 gal per min. . ee 


30 stages; pres- 
sures to 1500 Ib, = 
capacities to 350  —.  <¢. iii -, - (= 
Sal per min. 


MRVH: 4-stage Mo- 
torpump, pressures to 
260 Ib, capacities to 75 
gal per min. 


MRV: 2-stage Motorpump, 
pressures up to 200 Ib, capac- 
ities to 275 gal per min. 


HH... is a: line of feedwater pumps that satisfies, yes, 
even exceeds, the specifications of the most exacting boiler 
plant engineer. That’s because there’s a lot of clear think- 
ing, a superb research organization, and 75 years 
experience behind the Ingersoll-Rand Cameron line of 
boiler-feed pumps. 

There is a pump in this line-up for any plant from the 
smallest to those big, high-pressure jobs that make the 
headlines. Regardless of size and duty, they are all built 
with the same exacting care that has made the trademark, 
I-R, a symbol of confidence in the field of hydraulics. 

Call ‘your nearest I-R engineer for literature or con- 

a. sultation. There’s no obligation—just the desire to help 
= ey you get the best in performance and long service. 


GT: 2 stages; pres- 
sures to 450 Ib, ca- 
pacities to 2200 gal 

’ per min. 


CHT: 6 to 8 stages; pressures to 3000 
lb, capacities to 2500 gal per min. 


CNT: 4 to 8 § =F 4&8 

stages; pressures : 
to 800 Ib, capaci- 
ties to 700 gal per 
min, 


HT: 4 to 9 stages; pressures to 1600 
lb, capacities to 1500 gal per min. 
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COMPRESSORS » AIR TOOLS ¢ ROCK DRILLS 
TURBO BLOWERS » CONDENSERS 
CENTRIFUGAL PUMPS ¢ OIL AND GAS ENGINES 


rsoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 10-877 
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